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TO HER 


ROYAL HIGHNESS, 
enn 


PRINCESS ROYAL.“ 


Ma DAM; 


I REG permission to express my. grateful 
sense of the honour Your Royal Highness 
has conferred on me, in permitting these 
Volumes to be inscribed with Your IIlus- 
trious Name, | 


I most humbly present them to Your no- 
tice; and am enabled to do this with the 
greater confidence, from the nature of the sub- 
ject, rather than from the manner of the exe- 
cution. Every day's observation has pointed 
out the boundless wisdom in the one, and the 
partial knowledge in the other. 


* Now, Her Serene Highness the Princess of Wirtemberg. 
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Principles of levelling equality. 


- * * * 


* | | DEDICATION. | . * 


— 


These Lectures are intended as a display 


of the divine goodness, wisdom, power, and 


order, manifested in the works of creation. 
The knowledge of such works will prove no 
mean commentary on the ALL PEREECT 
WORD OF LIFE; no feeble assistance to praise 


and adore the AUTHOR of every blessing. 


Such practical knowledge forms the true 
riches of the human mind, raises man in the 
scale of intelligent beings, and may deservedly 
claim attention from those who are most ele- 
vated in rank, and most amiable in dispo- 

sition. | 


- In true philosophy, Your Royal Highness 
will discover that. there is nothing to be 
feared; it will always be found the firm friend 
of religion and order. It does not degrade 
the best expectations of man, by deriving 
them from ignorance and superstition, or by 
questioning the BEING and GooDNess of HIN 
who governs all: it does not undermine or 
assault the fair structure and mutual depend- 
ance of civil society, by infusing the spirit of 
ambitious discontent, and introducing the 


DEDICATION. V 


May health and happiness be Your High- 
ness's portion in time, preparatory to the 
fuller blessings of eternity: may You see Your 
Honoured Father's extensive and extending 


realms flourishing in prosperity and peace, 


neither seduced by false philosophy, nor con- 
vulsed by democratic violence. 


I am, with the greatest respect, 
Mapan, 


Your Royal Highness's 
Most obliged, _ 


And most humble Servant, 


GEORGE ADAMS. - 
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PREFACE. 


1 


Tur plan of this Work first occurred to 
me about twenty- five years ago; I was then 
for a short time, in France and Switzerland, 
an eye-witness to the zeal and industry with 
which principles were there propagated, under 
the veil of philosophy, that are subversive of | 
all order and religion. I observed, that phi- 
losophical societies were formed and forming 
to extend the influence, and to augment the 
importance of writings de Fs to 
divine revelation. 

It was evident from the works of theve 
pretenders to philosophy, that they investi- 
gated nature only with a view to darken the 
mind, and prevent mankind from considering 
any thing as real but what the hand could 
grasp, or the corporeal eye perceive. For you 
find them continually embracing every oppor- 
tunity to ridicule our belief in Moses and the 
prophets, and censuring us for admitting the 
evidences, or- believing the truths of revela- 
tion; though it is a revelation which justifies 
itself from the creation of the world, which 
declares every truth that a wise man would 
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wish to hear; though it is supported by divine 
authority, and confirmed by all the assurances 
that human testimony can afford, or the ra- 
tional mind require. 

Alarmed at what J saw, and what J read, 
it appeared to me of the utmost importance to 
contrive means effectually to repel notions s0 
pernicious to mankind, and so repugnant to 
truth. I conceived, that the best method of 
defeating their destructive purposes, and de- 
priving them of their baneful influence, would 
be by shewing, that they were neither friends 


to philosophy, nor had any right to the title 


of philosophers; that this end would be an- 
swered by exhibiting a system of philosophy, 
which should point out their errors, and shew 
that no operation in nature would authorize 
the conclusions that they had attempted to 
deduce; that physics, properly understood, 
would ever go hand in hand with religion; 

and all its branches converge in Gop, the 
center of all truth, the source of all re- 
tion. 

With these views I began to net mate- 
rials for such a work. But on my return to 
England the tenets of these men and their 
Practices being removed from my view, I laid 
aside the design, nor did I think of resuming 
it, till I saw the attempts that were made here 
to propagate the same principles by the same 
means; till I saw a philosophical society pub- 


lishing tracts hostile to good order, and the 


best interests of mankind; till J had reason to 
think that men were pensioned by republicans, 
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and brought forward in various situations to 
give credit to their party; till it was publiely 
avowed, that the men who were pursuing 
here the schemes that have made France a 
scene of ruin and desolation, „were known 
to be philosophers and friends of humanity, 
superior to the creed of any sect, and indif- 
ferent to the dogmas of any popular faith.” 
It was then high time to shew, that true phi- 
losophy was no friend to their principles; -for, 
in a proper sense, it implies a love of wisdom, 
and its end is to promote truth and dissemi- 
nate happiness; whereas modern philosophers 
make it the ornament of folly, the badge of 
infidelity, the road to anarchy and rebellion. 

To answer these great purposes, I resumed 
my plan, and have endeavoured to render the 
useful and important truths, discovered by na- 
tural and experimental philosophy, familiar 
and easy; to bring together that knowledge 
which is dispersed in many volumes; and to 
concenter in one work the labours of the wise 
men of different countries and ages. 

It has been my intention to render this 
Work a source of useful and active entertain- 


ment to young persons; and at the same time 


that it opened their minds to enlarged views 
of nature, and the universe, it should point 
out the true methods of reasoning in philo- 
sophy, and teach them to distinguish what is 
sound and solid therein, from what is hollow 
and vain; that it should lead them, from a 
consideration of the works of Gop, to ac- 
knowledge and reverence his power, wisdom, 
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and — and prove that natural philo- 


sophy affords no support to the wretched sys- 


tem of materialism, but concurs with religion 


in endeavouring to enlighten the mind, to 
comfort the heart, to establish the welfare of 
society, and promote the love of order.. 
1 wished so to execute this work, that 
while on the one hand it instructed those who 
know nothing of these delightful sciences, it 
might on the other not be useless to those who 
are more conversant in them, by presenting 
the subject in a point of view in which it has 
been seldom noticed by our authors, and 


treating of some branches that have been al- 


together neglected by the writers on natural 
philosophy. Whether I have been so happy 
as to succeed in my designs; whether I have 
been able to place these subjects in a clear and 


plain light, and thus open a wider gate to the 


fair field of knowledge, must be left to the 
decision of an intelligent public. 


For my own part I can say, that J have en- 


deavoured by every labour of inquiry, and 
industry of research, by arrangement and me- 
thod, to convey in a clear and conspicuous 

manner a general knowledge of the stupen- 
dous operations that are carrying on in nature, 
The subject is indeed sometimes varied by di- 
ression, and the reader is now and then 
carried back into ancient days; but this is 
never done but with a view of conveying fur- 
ther instruction, or rendering the subject more 
obvious. Some repetitions will also be found, 
but seldom except where a clearer explana- 


mn 


18 


PREFACE. Xi 


tion occurred, or a further application is pur- 
n. | 8 51 
If any justification be necessary for treating 


of divine matters in physical books, it may 
be vindicated by the examples of the first and 


wisest men the world ever produced: amo 
these our great Newton,* who held it proper 


to treat of God and his attributes in natural 


philosophy. And every wise and good man 
must wish to see the relation between divinity 
and philosophy farther opened and better 
established. | 
As I do not wish to incur the charge of pla- 
giarism, with pleasure I acknowledge the as- 
sistance I have received from different authors. 
As J have used an unreserved freedom in se- 
lecting from their works whatever would an- 
swer my purpose, I have subjoined a list of 
the principal sources of my own knowledge. 
To the Rev. William Jones, F. R. S. I am par- 


ticularly. indebted; his capacious mind and 
active powers grasp with no common energy 
every branch of science; and there are few 
that he has not enriched by novelty of ob- 
servation, or illustrated by perspicuity of 
Manner. To Mr, de Luc, R. &, &c, am 
also under great obligations; his works have 
been long known and highly esteemed, and 
will continue so as long as sound reasoning 
and physical logic have any claims to the at- 


* Et hæc de Deo; de quo utique ex omenis disserere, 
2 eee experimentalem pertinet. Mut. Prin. Schol. 
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tention of mankind. If my health permits, 
at some future (and distant) period, I mean to 
present my [countrymen with an abridgment 


of his works, particularly those parts which 


have relation to the system of Mr. le Sage. 


persons to whom I am indebted; Lowe many 
obligations to my friend the Rev. Mr. Agutter, 
M. A. for some valuable communications and 
much kind assistance. 

Conscious that my intentions have been 
sincere, to advance science, to promote truth, 
happiness, order, and peace; I may expect 
some approbation from those I wish to in- 
struct, and may hope for some indulgence from 
those who are peculiarly conversant in these 
subjects. The wiser men are, the more can- 


did they become, and the less apology will 


they require for my imperfections or over- 
sights, as a writer and philosopher. I may 
not have enjoyed those advantages of educa- 
tion which others possess; I could not pos- 
sibly repeat every experiment which is here 
noted. During the composition of these Lec- 
tures I have had to attend to the grateful 
calls of daily business, and have struggled 
with much weakness and languor. The ideas 
of mental perfection are seldom if ever rea- 
lized. The author is often the first to observe 
how much is deficient. I do not pretend to 
be indifferent to the judgment or the appro- 
bation of the public regarding a work which 
has cost me so much thought, time, and ex- 
pense. I think I may safely recommend it to 


These gentlemen, as authors, are not the only 
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the youth of both sexes, particularly to those 
who are delighted and improved with the Re- 
flexions of Sturm: they will here find, that 
the same subjects are in a great measure con- 
tinued and enlarged, but I trust with this 
advantage, that they are placed on their phi- 
losophical and mathematical foundation, are 
connected with other parts of the universal 
system, are arranged in general and perspi- 
cuous order, and may be conducive to further 
discoveries, and more accurate investigations 
of nature. ; 

To render this work more useful, I have 
added a copious index, and references to the 
figures of the plates. The index and plates 
constitute a fifth volume. | 


BY THE EDITOR: 
— — 


Tux late Mr. George Adams appears to be the only 
philosopher, after Niententyt and Derham, in this 
century, that has compiled a course of natural and 
experimental philosophy, and shewn at the same 
time, that the characters of a real philosopher and a 
good christian should be inseparable. But the pre- 
eminence of our Author over the above writers 
consists in his having brought forward new facts, 
and several -hypotheses, as communicated to him by 
some philosophers of eminence and learning, and 
described the most improved, complete, and illus- 
trative apparatus. 
The admirable laws and operations of nature, as 
Exhibited and demonstrated by experiment, afford 
zuch brilliant and powerful arguments in support of 
an Omnipotent and Superintending Being, as not to 
be in the least degree affected by the darkness and 
impotence of atheism and infidelity; and I trust, 
that the few persons in this country, whose perni- 
cious principles our Author has so seriously and 
Successfully encountered, must have attempted the 
promulgation of their ideas more from the rage of 
party prejudice, obstinacy, and the spirit of opposi- 
tion, than from any conviction derived from their 
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studies and observations in natural philosophy. Re- 
gearches in philosophy tend to make the minds of its 
students cheerful, tranquil and happy: and the sci- 
ence itself may be considered as the most sublime 
and refined species of drama, but with this difference 
only, that here the entertainment and instruction 


are produced, not by fictitious scenery, but by real 


exhibitions of the operations and changes of nature. 
The numerous and respectable list of subscribers 
that Mr, Adams was favoured with to the first im- 
pression of this work, as well as the considerable 
demand made for it during its preparation by me for 
republication, sufficiently evince how highly the 
public approve of the plan, and the flattering en- 
couragement they are yet disposed to give it. It 
remains, therefore, only for me to point out to the 
reader the improvements that I have endeavoured to 
make in this edition. ier ein 
On a careful perusal of the matter, there appeared 
many defects in the references and explanations of 
the copper- plate figures; some figures having no 
references, and some references being without cor- 
respondent figures: these I have supplied with no 
inconsiderable degree of attention. Where the de- 
scriptions were imperfect from the Author's brevity, 
I have given such as are more explicit, particularly 
to. those instruments that are of the most recent 
construction, and not generally known to the youn 
student. I have also by very considerable additions, 
inserted and explained a variety of philosophical ar- 
ticles, that I conceive will be mstructive and enter- 
taining to the young reader. Indeed, some of them 
appeared to me so indispensably necessary, that no- 
thing but the infirmity of our late ingenious Author 
could have caused their omission. These augmen- 
tations have occasioned several additional sheets of 
letter- press; but from a curtailment of a few repe- 
titions, &c. in the theological digressions, and an 


knowledge, and cultivate humility; 
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economical arrangement in the mode of printing, 
the bulk of the volumes is not materially increased. 
In respect to any of the new theories or hypotheses 
introduced in this work, they remain precisely as 
given by Mr. Adams, and J do not presume in — 


way to offer my opinion concerning them. They sti 


rest upon their respective merits and the reputation 
of their authors; and I have no doubt but they will 
by competent judges be candidly and fairly appre- 
ciated. The Author's chief plan in these Lectures 
was, not implicitly to follow the old tenets of phi- 
losophers, but to banish prejudice, to promote 
treating the \ 
subjects in such a familiar way, as not to require 
any previous mathematical knowledge by the reader. 
My additions are of the experimental kind, and such 
as I have usually made in the practice of my pro- 


fession. 


The instruments in general, as represented in the- 
lates to this work, are such as myself and brother 
ve been accustomed to construct long before the 
decease of the amiable author. 
Instead of placing the Lecture On the Method 
of Reasoning in Philosophy,” as the fourteenth in 
order, I have ranked it as the first, it being before evi- 
dently misplaced. A varying title above each page; 
four new copper plates; the addition of many new 
figures, and corrections. to the old plates; a new refe- 


rential list to the figures of the plates; in short, a great 


number of useful improvements, that suggested 


themselves to me during my superintendance of the 


work, have been added; and, upon the whole, I 
hope they are such, as to render it again deserving 
of the distinguished approbation of the public. 

It may be acceptable to the reader to have a list of 
my additions; they principally are as follow: 
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Vor. I. Count Rumford's Improvements in the 
Construction of Chimney Fire-places, with Figures 
Description of the Endiometer Tubes and Mea- 
sure, with other Pneumatical Articles. 


Vor. II. Description of an Apparatus useful in 
the making Inflammable, &c. Airs Description of 
the New Philosophical or Inflammable Air Lamp 
Description of a portable and very convenient che- 
mical Lamp Furnace and Apparatus Wieglib's 
Method of analyzing Mineral Waters List of Fluid 
Tests, Re- agents, &c.— List of chemical Prepara- 
tions for Entertainment Experiments on sympathe- 
tic Inks Descriptions of various Camera Obscuras 
Of the Dioptrical Paradox—Endless Gallery; and 
other Articles of optical Illustration and Entertain- 
ment—Descriptions of the' best and most improved 
Achromatic and Reflecting Telescopes—Short Des- 
cription of the Transit eee e 


vor. III. Description of Ferguson's Whirling 
Table: and Apparatus, and one of a more elegant 
and complete Construction. 


vor. IV. An enlarged Deseription of Martin' 8 
portable and complete Orrery Comparative Obser- 
vations on Globes—Advantages peculiar to new 
mounted Globes Advantages peculiar to the com- 
mon mounted Globes Description of the Equato- 
rial or Universal Sun-dial— Description of a Baro- 
meter to measure the Heights of Mountains, &c.— 
Figure, and more complete Description of de Luc's 
Hygrometer, with his Method of Preparing the 
Slip of Whalebone—Of Six's improved Thermome- 
ter—Figure and Description of the Rain Gage— 
Figure and ro ds of the Wind Gage, &c. 
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I. ESS&YS ON THE ' MICROSCOPE, containing a 
particular Description of the most improved Microscopes; 
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other Instruments used in Sen ; and most accurate 
Methods of adjusting them. 4. The Methods of LEVEL- 
LING, for the Purpose of conveying Water from one Place 
to another; with a Deseription of the most improved Spirit 
Levels. 5. A Course of PRACTICAL MILITARY Gro- 
METRY, as taught at the Royal Academy, dot nee ang 

6. A short Essay on Perspective. 
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PHILOSOPHICAL PROFESSORS, LECTURERS IN 
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| 1. and 8. JONES n most  rexpectfully inform the above 
professional Gentlemen, as also the Readers of this Works 
that they are accustomed to manufacture and supply, upon 
the most reasonable Terms, Collections of Philosophical 
een, Machines, Models, &c. according to the 
late Mr. Ab Aus, and other eminent Writers on Experi- 
mental Philosophy, &c. and from several Improvements 
and Contrivances made by themselves. All the Instru- 
ments are of the best Workmanship, and are constructed 
as precisely as possible according to their respective The- 
ories. Their Accuracy and Elegance are in Proportion 
fo the Price or Sum of Money allowed. 

Gentlemen, desirous of becoming Purchasers of such 
Collections, may have explanatory Lists previously made 
out, agreeably to their own Specific Amount. 

' The general Prices at which W. and S. Joxts have 
made Collections, are as follow: 
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brass, with mahogany, &c. packing cases, necessary 
to their preservation, from 500“. too 1000 0 0 
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1 FE, 8 for these 8 1 engaged to 
point out to you the true method of reasoning. in 
Philosophy, that you might be enabled to distin- 
ish what is sound and solid therein, from what is 
ollow and vain. This cannot, I think, be done 
more effectually than by introducing. you to the 
writings of Lord Bacon, whose plan for the im- 
provement of knowledge, comprehends the whole 
FLompass of nature. He may be considered as the. - 
great restorer of true learning, and the founder of 
| „ philosophy; having done more towards 
* 2 the sources of former errors and preju- 
dices, and towards establishing a. true method of 
philosophizing, than was 3 by. * the * phles 
sophers of the e ages. el apo: 
VOL, 1, +. 5 OR l 
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He has given us an Organum of a different 
origin and construction from that of Aristotle; 
one, which instead of puzzling all learning with 
artificial forms, and perplexing all knowledge with 
disputation, puts truth and nature to the torture by 
a thousand trials, and forces them to confess those 
secrets, which in spite of syllogism, has hitherto lain 
concealed, and by the discovery of which arts and 
sciences have been advanced, to the great honour 
of learning and advantage of society. | 

Two circumstances add greatly to the merit of 
Lord Bacon. The first is, that at the time his 
work was written, the world had seen no model of 
inductive reasoning, from which its rules might be 
deduced with amplitude and precision. Poets and 
 orators had brought their arts to perfection, ere 
they were described by Aristotle; his rules were 
drawn from the most perfect models of those arts 
that have yet appeared: but the art of interpreting 
nature was yet in embryo, when Bacon, with un- 
common energy of mind, delineated its manly fea- 
tures and proportions. The second circumstance | 
which does our noble author peculiar honour, is, 
that he was free from every view of founding a sect 
in philosophy, or aiming to procure followers: he 
was animated with better prospects, and more dis- 
interested views. He desired only to lead mankind 
as it were by the hand, and to instruct them so to 
follow nature, as to be under no necessity of follow- - 
ing any philosopher whatsoever. ff 

The picture of a true philosopher cannot be. bet- 
ter drawn than * Bacon's own pencil, and in his 
own example. You find in him a love of science, 
its interest and advancement, yet without ORG 
the pomp of learning; he is a free, impartial, an 
honest censor of past times, yet without haughtiness 
or pride; his judgment is correct and solid; his wit, 
though lively and sublime, never gives into a wild 
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and profane licence, or rude insult upon saered 
things. His imagination was fruitful and extensive, 
ranging at large through all the times and regions of 
the universe, suggesting new thoughts and ideas, 
and supplying him with images to express and em- 
body those ideas. In him, with the utmost logical 
precision, you have the sublimest eloquence; and 
you find him in his “ advancement of learning, 
triumphing over the barbarism of the preceding 
ages, and over the pedantry of that in which he 
lived. His knowledge was so comprehensive and 
universal, that he seems to have been the professor 
of every science, not only acquainted and familiar 
with all ages, but admitted as a minister into the 
inspection and mysteries of all nature. Amidst this 
mass of acquired wealth, the strength and splendor 
of his own stock shining forth unimpaired and un- 
rivalled, lending a lustre to the authority he pro- 
duces, his depth, his strength, his dignity, and ma- 
jesty, set him up above every lettered name. 

With a capacity of more than ordinary size, a 
giant in the intellectual world, he breaks throu 
the chains with which authority or tradition had fet- 
tered the human mind, subdues the errors formed 
and fostered by superstition and ignorance, passes 
the columns fixed as the boundaries of human 
knowledge, and opens new tracts of light and re- 
gions of truth, that were before thought incapable 
of culture or profit; intent as it were upon nothing 
but truth, or in his own noble language, vanquished 
with the immortal love of truth.“ While he detects 
and proscribes vulgar errors, he commits no outrage 
upon the ancient occupiers, nor offers any gross in- 
sult upon the common sentiments of mankind. 
Nor have we,” says he, set off ourselves with 
glory to draw a majesty upon our inventions, either 
by triumphs of confutation, or depositions of anti- 
quity, an usurpation of authority, or the veil of ob- 

wy r 


1 


3 i OF REASONING IN PHILOSOPHY, 


scurity.” Thus, with a superiority without the pride 
of genius, we need not wonder, that, humble as 
the hamblest child of faith, he disavows whatever 
does impair or intrench upon sacred truth, and ad- 
dresses the Lord for assistance and illumination in 
his arduous undertaking. * 

The end of natural philosophy 1s to increase either 
the knowledge or power of man, and enable him to 
understand the ways and procedure of nature. By 
discovering the laws of nature, he acquires know- 
ledge, and obtains power; for when these laws are 
discovered, he can use them as rules of practice, to 
equal, subdue, or even excel nature by art. Upon 
the discovery of these laws, depends the perfection 
of philosophy, and the enlargement of human know- 
ledge and power. 

For this great end, Lord Bacon exhibits a more 
perfect method of employing the rational faculty 
than mankind had been accustomed to; and shews 
them in what manner they may exalt and improve 
the understanding, conquer the difficulties, and 
remove the obscurities of nature. The first part 
of his Novum Organum, which may be called a 
grammar of the language of nature, is designed to 
prepare and purify the mind, that it may be fit to 
receive the instructions, and use the instruments 
laid down in the second part. 

The human mind, like a mirror, must be smoothed 
and polished, freed from false imaginations and 

erted notions, before it is fit to receive and re- 
Hlect the light of truth and just information. You 
may, therefore, with the Pythagoreans, lay it down 
as a maxim, that human advancements should be 
preceded by, or accompanied with, a suitable de- 
gree of purification; for as the discased eye endures 
not, till it be restored to health, the view of bright 


Hunters Sketch of Lord. Bolingbroke. 
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objects, 80 neither can: the mind; without due puri- 
fication, steadil Y contetiiplats the 1 end splen- 
dor of truth: © * 

We must, therefore, in the pin of truth, 
divest ourselves of all the idols or false notions that 
possess the mind.” To every bias of the understand- 
ing, by which a man may be misled in judging, or 
drawn into error, Lord Bacon gives the name of 


idol; a word that justly characterises false science; 


for erroneous knowledge is a species of idolatry, a 
worship paid to false gods, which is only due to 
the true one. 

All falsehood is opposite to truth. Error is that 
falschood, which availing itself either of the weak- 
ness of the understanding, the depravity of the will, 
or the undue influence of the imagination, assumes 


the appearance of truth. Truth is the health, error 
the disorder of the mind. By purifying the mind 


from error, you will become a fit receptacle for di- 


vine truth; by purifying your hearts, ou. will be 
ill enjoy the 


eonjoined to divine goodness, and wi 
happiness resulting from so exalted a conjunction. 
The idols of the mind are either acquired or na- 
tural, proceeding from the doctrines and opinions 
of men, the perverted and corrupt laws and methods 
of demonstration, or else are inherent in the ver 
constitution of the mind itself. Your first labour 
should, therefore, be to liberate the mind from 
false theories; the next should be to release it from 


the slavery of perverted demonstrations; and the 


last to put a check upon its own seductive powers, 
and either pluck out the inherent idols, or so to 


watch over them that the depravities they occasion 
may be corrected. It is a long time before we can 
be brought to see any thing amiss in the way we 


have been used to; and even when we do, it is not 
easy to change what is wrong. Where there isa 


chain of prejudice or wrong bias on the understand- 
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ing, it will neither perceive clearly, nor adhere 

firmly to the truth; it will confound things that are 

different, and obscure things that => clear. The: 
task is difficult, but the reward is grea 

It is therefore incumbent on every miles ber to 
cultivate a disposition of mind, which will make 
him open to conviction, and ready to acknowle 8 
and rectify mistakes. An obstinate adherence to 
error generally arises from self-conccit, or a bigoted 
attachment to a system. True wisdom is ever ac- 
companied with diffidence and humility. | 

Lord Bacon divides the unfavourable preposses- 
sions of the mind into four classes; the iDoLs or | 
THE. TRIBE, IDOLS OP THE DEN, IDOLS OF THE 
MARKET, IDOLS OF THE TREATRE. “* 

The idols of the tribe are those which are common 
to all men, such as beset the whole species; they 
arise from the principles of the human constitution, 
and may have their uses in the present state of hu- 
man nature; but by excess, or defect, or wrong di- 
rection, lead us into much error. The human un- 
derstanding resembles a mirror of an irregular sur- 
face, which mixing its own nature with the nature 
of things, distorts and perverts them. Philosophers 
Should always endeavour to conceive things as form- 
ing part of the universe, and as having their appro- 
priate office and use therein; whereas they are too 
apt to consider them only as they have some par- 
ticular relation to the senses, a way by which you 
will never discover their systematical or cosmical 
use and qualities. 

The idols common to human nature are so nume- 
rous, that a few only of them can be considered in 
this place: of these the first is authority, by which 
men are prone to be led too much in their opinions. 


* Idolatribus, idola specus, idola fori, idola theatri. 
+ Reid on the Intellectual Powers of the Mind, p. 653. 
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It affixes, as it were, the seal of infallibility on 
these opinions, it bars the door of science, and in 
a measure destroys the hopes of- posterity. We 
ought ever to press forward, nor ever conceive that 
the labours of one man can have set limits to human 


knowledge, or hearken to those, who, having erected . 


an idolatrous temple to his fame, would have us 
stop and worship, nor presume to pass the bounda- 
ries they have marked for human reason.* There 
never was more necessity than at present to point 
out the dangers arising from the influence of au- 
thority, as you will find some philosophersF re- 
quiring an implicit faith in the opinions they have 
adopted; not considering that while our knowledge 
remains imperfect, our opinions must be mingled 
with error. It is ſrom this implicit trust upon the 
credit and blind errors of others, that spring all 
those vulgar errors cherished from age to age by the 
blindness of prejudice and inveteracy of habit. 

In all matters within our cognizance, every man 
must be determined by his own final judgment, 
otherwise he does not act the part of a rational being. 


Authority may add weight to one scale, but man 


holds the balance, and judges what weight he 
ought to allow to authority. No claim can deprive 
us of this right, or excuse us for neglecting to ex- 
ercise it. Authority, however, has its use; in the 


2 Essay on the Powers and Mechanism of Nature, 
reface. | 

+ The following paragraphs are specimens among many of the 
undue influence given to names. | 
Sir Baac Newton is the person to whom we owe these obliga- 
tions, and who is henceforth to be considered as our only sure guide 
and instructor. Again, Newton has discovered the chaos, and 
separated the light from the darkness; his inimitable work, the 
thematical Principles of Natural Philosophy, contains the true 
astronomical faith; and those who reject its doctrines, are the worst 
of heretics, as they shut their eyes against the clearest of all light 

demonstration. 5 | | . 
4A 4 


| by , his ork of life we have no other guide, and N 


. ** 


ha REASONING- iN  PRILOSOPIY» 


out a disposition to receive implicitly what we are 
taught, we should be incapable of instruction, and 
incapable of improvement. Even when judgment: 
is ripe, there are many things in which we are m-7 
competent judges. - In such matters it is most 
reasonable to rely upon the authority of those, whom 
we believe to be competent and disinterested. In 
matters that we have access to know, authority al- 
ways will have, and ought to have, more or less 
weight in proportion to the evidence on which our 
judgment rests, and the opinion we have of the 
judgment and candour of those who differ from or 
agree with us. Our respect for authority, may, 
therefore, be too great or too small. The modest 
man, conscious of his own fallibility in judging, is 
in danger of yielding too much to authority} ; the 
arrogant, of giving too little. 

Adly. The mind is apt to form imaginary rela- 
tions, and to suppose a greater regularity and uni- 
formity among things than what realy exists. Our 
natural impatience 1s continually leading us to refer 
all events to certain general laws, and prevents our 
| following the slow, but sure method of investigation. 
And though many things in nature are in some mea- 
sure singular, or extremely dissimilar, the mind is 
feigning parallels, correspondencies, and imaginary 
| analogies, which have no existence. Arguments 
from analogy readily, present themselves to a warm 
imagination, while those that are deduced from ex- 

riment and observation, require strong exertions 
of the mind, and cannot be formed without atten- 
tion and application. 

In the same manner we are apt to conceive a 
greater simplicity in nature, than there really is. 
To love simplicity, and to be pleased with it where- 
ever we find it, is no imperfection, 'but the con- 


_ trary, 1 is Waben doubt in every part, NF 
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| creation all the beautiful simplicity which is consist. 
ent with the end for which it was made. TljñRe 
more we know, the more we-discover the uniformity 
and simplicity in nature, when compared with the 
vast extent and variety of operations 2 But „ 
if we hope to discover how nature brings about its 1 
ends merely from this principle, that it operates in 
the — and best way, we deceive ourselves, and 1 
forget that the wisdom operating in nature is more 
above the wisdom of man, than man's wisdom is 1 
above that of a child. It is, indeed, a maxim in WL 
philosophy, we must not impute to many causes bo... 
what can be effected. by one; this principle is no © 
doubt right, but how are we to judge what is sim 
ple, or what is ceconomical in nature? only by en- 1 
deavouring to discover every thing that is necessary _— 
to the production of this effect, and must use in ut 
explanation every cause thus be whether 
they be many or few. ; r 
It was believed for many ages, that all the variety 
of concrete bodies we find on this globe is reducible 
to four elements, of which they are compounded, and 
into which they may be resolved. It was the sim- 
plicity of this theory, not any evidence from fact, 
that made it so generally received; for the more it 
is examined, we find less ground to believe it. 
When a real cause is discovered, the same loye 
of simplicity leads men to attribute to it effũemg 
which are beyond its province. A medicine that is 
found to be of great use in one distemper, commonly. | 
has its virtues multiplied till it becomes a panacca. 
In ther branches of knowledge the same thing 


often happens. When our attention is turned to ; 1 
any particular cause capable of producing remark- 1 
able effects, there is great danger of extending its * 


influence, upon slight evidence, to things with o 8 "7 
7 * it has no connection. _— 
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We are in the dark with regard to the real causes 
of the greater part of the phenomena of nature, 
and have, at the same time, an avidity to know 
them; hence ingenious men frame conjectures, 
which those of weaker understandings take for truth. 
The fare is coarse, but appetite makes it go down. 

3dly. The mind, when it is once pleased with 
certain things, has a natural tendency to draw all 
others to consent and go along with them; and 
though the number of instances that make for the 
contrary is greater, yet it either does not attend to, 
or despises them, often rejecting them by some 
frivolous distinction, pointed out by a strong and 
pernicious prejudice, in order to maintain the au- 
thority of its first choice unviolated. Diagoras, on 
being shewed in the temple of Neptune many votive 
pictures, of such as had escaped shipwreck, was 
asked by his guide whether he did not acknowledge 
the divine power? wisely answered, © Shew me, 
first, where those are painted that were shipwrecked, 
after having thus paid their vows?” Hence also in 
most cases of superstition, as of astrology, dreams, 


= judgments, &. those who find pleasure in such 


kind of vanities, always observe where the event 
answers, but slight and pass by the more frequent 
instances where it fails. The imagination is so cap- 
tivated, that the powers of reason are incapable of 
freeing it from the enchantment. This mischief 
diffuses itself still more subtilly in philosophy and 
the sciences, where that which has once pleased, in- 
fects and subdues all other things, though much 
more substantial and valuable than itself. The mind 
is always also more moved and excited by affirma- 
tives than by negatives, whereas it should duly and 
equally yield to both. In raising of true axioms, 
negative instances have the greatest force.“ 1 


* See this fully shewn in Novum Organum, part ii. sect. 2. 
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athly. The human intellect is most moved and 
captivated, by those — that strike and enter it 
at once, filling and swelling the imagination; but 
for the rest, it feigns and supposes them in an im- 
perceptible manner to be like those few that pos- 
sess the mind. We have a general disposition to 
measure things less known and familiar by those 
that are better known and more familiar: whereas 
the understanding is slow, and unwilling to pass to 
remote and dissimilar instances, whereby axioms are 
tried as it were by the fire. 

This natural proneness to judge of things less 
known by those that are familiar and better known, 
must not, however, be altogether laid aside, as it is 
the foundation of all analogical reasoning, to which 
we are indebted for a great part of our knowledge. 
It is difficult, however, to judge how far we may 
venture upon it. The objects of sense engross our 
thoughts in the first part of life, and are most fami- ; 
liar through the whole of it. Hence in all ages 
men have been prone to give human passions, 
frailties, &c. to superior intelligences. Hence the 
disposition in men to materialize every thing, and = 
to apply their notions of material objects to things 
of another nature. Hence the many crude and ill- 

_ digested theories on our ideas.“ The mistakes in 
common life, which are owing to this propensity, are 
innumerable. Hence the selfish man thinks all 
pretences to benevolence and public spirit to be 
mere hypocrisy and self-deceit: while the generous 
and open-hearted easily believe fair pretences, and 
consider men as better than they really are. 

5thly. Another idol of this tribe has its origin in 
the natural restlessness of the human understanding, 
always moving, but far too often to no purpose, as 

When it is in search of things beyond its reach. 


* See Reid 's Essay on the Intellectual Powers of Man, p. 654. 
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There is not a greater source of error than in the 
misapplication of our noblest intellectual power to 
purposes for which fit is incompetent. 

The works of men, and the works of God, are 
not of the same order. The force of genius may 
enable a man perfectly to comprehend the former. 
What is contrived and executed by one man, may 
be perfectly understood by another. He may from 
a part conjecture the whole, or from effects may 
conjecture the causes, because they are the effects 
of a wisdom not superior to his own.* 
But the works of creation are contrived and ex- 
ecuted by a power of wisdom infinitely superior to 
that of man. And when men attempt, by the force 
of genius, to discover the causes of the phenomena 
in nature, they have only a chance of going wrong 
more ingeniously. Their conjectures may appear 
very probable to beings no wiser than themselves; 
but they have no chance to hit the truth. They 
are like the conjectures of a child, how a ship of 
war is built, and how it is managed at sea. It gra- 
tiſies the pride and natural propensity of the human 
understanding; but it is an attempt beyond our 
force, like that of Phaeton, to guide the chariot of 
the sun. 

Full liberty must be allowed to our inquiry, that 
natural philosophy may acquire all the certainty and 
perfection of which it is capable; but we must not 
abuse this liberty by supposing, instead of inquiring, 
by framing systems, instead of deducing the con- 
stitution of things from observation and experience. 
An attachment to systems, prevents us from attend- 
ing to the real state of things, or makes us reject 
them, or interweave therewith our own conceits. 


- 4 


* Ibid. p. 669, Maclaurin's Account of Sir Bade Newton's/Dige 
coveries, p. 7, See also Lecture III. Art, Hrrornzkszs. ; 
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Systems and hypotheses in general, framed by 


hilosophers out of their own ideas, and separated 
y the mind from the truth of things, were the bane 

of natural philosophy, and for centuries opposed 
the'advancement of science. 

In all inquiries into the constitution of nature, 
human genius may combine, but it must not fabri- 
cate. It may collect evidence, but it must not sup- 
ply the want of it by conjecture. It may display 
its powers, by putting nature to the question, by 
well-contrived experiments; but it must add no- 
thing to her answers. 

6thly. Another impediment and deviation of the 
understanding  arises from the dullness, incompe- 
tency, and fallacies of the senses. Hence the thin 
that strike the sense, unjustly overbalance those that 
do not strike it immediately: so that contemplation 
usually ends with sight, and little or no observation 
is made of things invisible. Hence all the opera- 
tions of the different airs included in tangible 
bodies, all subtil organizations, and the motion of 
the parts, are unknown to mankind; yet unless 
they are discovered and brought to light, no great 
progress can be made in the knowledge of nature; 
for it is by subtil matters in motion that her chief 
operations are performed. Nor can instruments for 
improving and sharpening the senses be here of any 
great service; for all true interpretations of nature 
are made by apposite instances and experiment, 
where sense judges of the experiment only, and the 
experiment judges of nature and the fact. | 

Idols of the den. These are prejudices that take 
their rise, not from the constitution of human nature, 
but from something peculiar to every individual, from 
education, custom, and a variety of other circum- 
stances. Our excellent logician, Lord Bacon, seems 
to have taken this appellation from Plato's beautiful 
Emblem of the Cave; For if any one should, in his 
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infancy, be educated in a dark cave, remaining there 
till he was of full age, and should then of a sudden be 
brought into broad day-light, and behold the appara- 
tus of heaven and earth, no doubt many strange and 
absurd thoughts. would arise in his mind. And 
though we live, indeed, in the view of heaven, our 
minds are confined in the caverns of our bodies, 
where we receive infinite images of error and false- 
hood, if we do not constantly dwell in the contempla- 
tion of nature, as it were in the open day-light.” This 
emblem of Plato, agrees well with the saying of Hera- 
clitus, That men scek the sciences in their 'own 
narrow world, not in the wide one.” Further, as in 
a cave, objects vary their appearance according to the 
form of the cave, and its manner of receiving the 
light; so Lord Bacon conceives the mind of eve 
man to resemble a cave, which has its particular form 
and particular manner of being enlightened, and 
which from these circumstances often gives false 
colours, and a delusive appearance to objects seen in it. 

Hence the perversion and misapplication of reason, 
and the abuse of learning, become the source of many 
errors. Under this head you may reckon the reason- 
ing from no principles at all; the reasoning from the 
principles of one branch of learning in the method of 
another; the reasoning from the principles of one to 
the truths of another; or lastly, the expecting the 
same kind and degree of conviction in the truths of 
one, which belong to another, and which it does not 
admit. These four causes arising from the abuse of 
learning, will account for many scientific errors. 
However various the errors of the learned may appear 
to be, they all originate either in the pride or preju- 
dice of the human mind; for according to the obser- 
vation of Lord Bacon, of opposite errors, the causes of 
erring are commonly the same. 

Though it may appear absurd that any one should 
reason from no principle at all, yet it is an error of 
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it and extensive influence. Great are the powers 
of the human mind, but her presumption is still 
greater. Not content to be employed upon such 
rinciples and materials as are provided for her use by 
rovidence, and the natural state of things, in a slow 
and sober exercise, vainly presuming, by an action 
and operation of her own, to invent others of a supe- 
rior order, by whose assistance she may soar with a 
rapid wing into the possession of the snblimest truths; 
buoyed up into the air by these self-inventions, she 
attempts unbounded flights into the fertile but delu- 
sive regions of imagination. Hence we often see 
philosophers led by trains of solid reasoning to the 
temple of splendid and delusive errors. 

The other three causes just enumerated, have their 
origin in prejudice, arising from partial and inveterate 
habits. Man is altogether the creature of habit; all 
his virtues are habits; all his vices are habits; habit 
has its sway also over his mind, both in the elegant 
and scientific parts of learning. 

As the ear is prepared and qualified by habit for 
the enjoyment of music, the eye for that of painting, 
and every other part of the mental and corporeal 
frame adapted to its proper object; so is the mind 
pre and qualified by habit for the search and 
relish of every kind of truth. 

But this same habit, which is the friend to all 
knowledge, by being too long and too closely confined 
to the same object, employments, and pursuits, gene- 
rates a prejudice, and confirms a partiality which ge- 
nerally cramps and confines, and often weakens and 
destroys the powers of the mind. Being addicted to 
one set of principles, habituated to one train of rea- 
soning, and accustomed to one species of conclusions, 
they are disqualified by the very habits of stating, 
reasoning, and concluding, and by their very success 
in some parts of learning, from prosecuting truth in 
others.“ {op | 
| * Tatham's Scale and Chart of Truth, vol. ii, p. 304. 
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Men are fond of particular sciences and studies, 
either; when they believe» themselves the authors 
or inventors thereof, or because they haye bestowed 
much pains upon them, or applied « + A thereto. 


A man whose thoughts have been confined to à cer- 


tain track by his profession, or manner of life, is very 
apt to judge wrong when he ventures out of that 


track. He is apt to draw every thing within the 


sphere of his profession, to wrest and corrupt every 
new contemplation with his habitual, idea, and to 


judge of things by maxims which have no relation to 


nein. 
Aristotle furnisbes us with a signal d 2 the 
foregoing observations; he made his natural philo- 
sophy such a slave to his logic, as to render it con- 


tentious, and in a great manner useless. The mere 


mathematician is apt to apply measure and caleulation 
to things incapable of being measured: direct and in- 
verse ratios have been applied to measure human 
affections, and the moral worth of actions. An emi- 
nent mathematician attempted to ascertain, by cal- 
culation, the ratio in which the evidence of facts 
must decrease in the course of time, and fixed che 
period when the evidence. of the facts, on Whien 
christianity is founded, shall become evanescent; 
and when in consequence no faith shall be found on 
the earth. The ancient chemists were wont to ex- 
plain all the mysteries of nature, and even of * 
by salt, sulphur, and mercury. 
ö The great and radical difference of capacities as 
to philosophy and the sciences, lies, says our noble 
author, in this; that some are stronger and fitter to 


observe the differences of things, others to observe 


their correspondences. A steady and sharp genius 
can fix its contemplations, and dwell and fasten u 
all the subtilty of differences. While a sublime 


genius, with a quick conception, perceives 9 com- 


pares the smallest and most general agreement of 


things: both Finde easily uin. into excess, the 


— 
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one by grasping at the dividing scale, the other by 


embracing the shadows of things. 
. To contemplate nature and 
plicity, breaks and grinds the understanding; to con- 
sider them in their configurations and compositions, 
blunts and relaxes it. The former is so taken up 
with the particles of things, as almost to neglect their 
structure: while the other views the fabrication with 
so much astonishment, as not to enter into the sim- 
1 of nature. Both these kinds of contemplation 
should, therefore, be taken up by turns, that the un- 
standing may at the same time be piercing and ca- 
cious, and the above- mentioned inconveniences 
with the idols thence arising may be prevented. 
Different persons, either from temper or education, 
have different tendencies of understanding, which 
by their excess are very unfavourable to sound judg- 
ment. Some men of genius are wrapped up in the 


admiration of antiquity, and contempt of whatever 


is modern; others go as far into the contrary ex- 
treme, and are delighted only with what is novel. 


Some either quarrel with what was justly laid down 


by the ancients, or despise what is justly advanced by 
tbe moderns. The unbalanced mind of man is al- 
ways shiſting from one excess into another, and rarely 
knows how to sustain itself in that just mean which 


right reason and pure religion demand. It is incon- 


ceivable to those who are only acquainted with the 
e state of the learned world, to what an absurd 

eight this attachment to antiquity was formerly car- 
ried. Both extremes are highly prejudicial to philo- 


sophy and the sciences, as being rather an affectation 


of antiquity and novelty, than any true judgment. 
For truth is not to be derived from any feheity of 
times, which is an uncertain thing, but from the light 
of nature and experience, which is eternal. These 
affectations are, therefore, to be laid aside, and care 


bodies in their sim- 


1 
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be taken that the understanding be not hurried away. 
with them. 

Let contemplative prudence, says our incompa- 
rable author, proceed in chasing and dislodging the 
idols of the den, and learn to suspect whatever power- 
fully strikes and detains the mind, using then greater 
caution to preserve your understanding . and 
equable. | 

A spirit of prejudice and preposession is very de- 
trimental to philosophy, it admits of no improvement 
but wharit brings from its own fund. When a man 
has strongly imbibed any particular notions, he in- 
vestigates nature not to receive information, but to 
find support for his own opinions. 

A love of novelty is also very injurious to real 
truth; the knowledge of any truth apprehended as 
useful to mankind, is pleasing to the mind, and our 
eagerness to enjoy this pleasure, makes us often en- 
tertain a persuasion of knowing a -no fr before we 
really do, or upon a very weak ground. It is, there- 

fore, dangerous to pass a judgment upon a new dis- 
s 
while it is new; we should wait until time 
* abated the sweetness of novely, and given scope 
for reflection to flow in from different quarters. The 
proper spirit for investigation, is humility, sobriety, 
calm consideration, attentive industry, and per- 
severance. 

Lord Bacon shes, that of various rejudices, there 
are none $0 troublesome as the idols of the market, 
which msinuate themselves into the mind from the 
association: of words and terms, the imperfections 
and the abuse of lan guage. Language can reach no 
further than our notions; and if these be vague and 
ill-defined, the words by which we express them must 
be 80 likewise. A stronger instance of the abuse of 
words can scarce be found than in the nomenclature 


of the French chemists, designed to prepare the mind 
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for slavery, © by babbling a dialect of France.” For 

though men believe, says Lord Bacon, their reason 

governs words; it also happens, that words retort and 

reflect their force upon the understanding; whenee 
philosophy and the sciences have been rendered so- 

phistical and inactive. Words are generally im * — | 
ings 


according to yulgar conceptions, — divide 
by lines, i. e. distinctions or differences, that are most 
apparent to the understanding of the multitude: and 
when a more acute understanding, or a more careful 
observation, would remove these lines, to place them 
according to nature, words cry out, and forbid the 
alteration, Hence it happens that serious disputes 
frequently terminate in controversies about —— and 
terms, w which i it were better to reduce to order by de- 
finitions. But in natural and material things, even 
these definitions cannot remedy the evil, because de- 
finitions themselves consist of words, and words ge- 
nerate words; so that of necessity recourse must be 
had to particular i instances, their series and orders. 
The fourth kind of prejudices mentioned by our 

author, are the idols of the theatre, which are neither 
constitutional nor secretly insinuated into the under- 
standing, but palmed upon it, received from fabulous 
theories and perverted demonstrations, arising from 
the systems or sects in which we have been trained, 

or which we have adopted. A false system once 
fixed in the mind, becomes as it were the medium 

through which we see objects; they receive a tincture 
from it, and appear of a different colour from what 
they do when viewed by the pure light. 1 

In Lord Bacon's method of studying Philosophy, 

there is no necessity for confuting the various 
theories; yet that hos passage to truth may be made 
easier, and the understanding the more disposed to 
cleanse itself, and put away its idols, without which 
true Philosoph can never be effectually promoted, 
* the sciences formed by distempered minds will 
B * 
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partake of their distempers; he has classed some of 
the more ancient kind, and given «me account of 
them. He classes them all under three heads: 1st. 
THE SOPHISTICAL: 2d. EMPIRICAL: and 3d. su- 
PERSTITIOUS. eee Beis a 

The first are the sopſistical, who hastily take up 
vulgar things from experience, without ascertaining 
their certainty, or carefully examining and weighing 
them, committing all the rest of the work to thought 
and the discussion of the wit: these he compares to 
spiders, who form their webs from their own bowels 
to catch unwary insects in their aerial flights. Com- 
mon observation and obvious experiments are not of 
themselves sufficient for the foundation of a service- 
able philosophy; nor is the common logic an engine 
at all suited to deal with experiments, observation, 
and nature. Of these we have an eminent example 
in Aristotle, who corrupted natural philosophy with 
his logic. He seemed to be more solicitous how 
men might defend themselves by answers, and ad- 
vance something that should be positive in words, 
than to come at the inward truth of nature; and 
where he had experience for his guide, to wind her 
round, and lead her captive to his opinions. Now as 
the education of the great schools is chiefly Aris- 
totehan, we should have a strict watch upon ourselves 
in all philosophical inquiries, writings, and discourses, 
that we are not led away with Aristotelian notions. 
All our common reasoning scems infected with Aris- 
totelian prejudices, so as to be affectedly logical and 
captious, rather than just and philosophical, or formed 
upon the true nature of things. | 

The empirical philosophers are those, who labour 
with great diligence and accuracy in a few experi- 
ments; and then venture to deduce theories and 
build up systems, strangely wresting every thing else 
to these experiments. Bacon compares them to in- 


sects gathering up grain, and laying it by as they 


— 
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found it. The opinions produced by these are more 
deformed and monstrous than those of the sophistical 
kind, as not being founded in the light of vulgar no- 
tions, which are in some degree general and univer- 
sal; but rest in the narrow confines and obscurities 
of a few.experiments: whence such a philosophy ap- 
pears probable, and in a manner certain, to the men 
who daily converse with these experiments, and 
thereby deprave their imagination; whilst to others 
the theories appear incredible and vain. Of this you 


will find examples in most of the ancient chemical 


writers, in Gilbert's magnetical philosophy, and that 
of many moderns, some of whom resolve all difficul- 
ties by attraction, others by repulsion, &c. You can 
never use too great caution on this head, for the un- 
derstanding is always eager, and precipitated by its 
desire of bounding or flying to general and first prin- 
ciples; thus forming theories on very feeble ground. 
The infinite variety of natural objects, the stupen- 
dous coincidence by which all agree and all differ, 
must convince you, that no vigour of judgment, or 
warmth of fancy, is equal to the tracing of every 


phenomenon to its first principles, or forming an hy- 


pothesis adequate to explaining all the operations in 
nature. FOG 
There is also danger from «perstition and theology, 
though much less so than heretofore; for the under- 
standing is as subject to the impressions of fancy as 
those of 
and courted, and therefore deceived. We meet 
with this in all theories, where first and final causes 
are introduced, -and the intermediate ones -omitted, 
We should be careful in this case that we be not led 
thereby to canonize error, and venerate vanities, 


Some modern writers have so. far indulged this 


strange levity, as to endeavour the founding of na- 
tural philosophy upon the first chapter | of Genesis, 
1 238 


vulgar notions: by the former it is flattered - 


| 


/ 
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and other parts of sacred writ; thus © seeking ths 
dead among the living.” FEISS! 

The true philosopher, Lord Bacon compares to the 
bee, that gathers the matters from the flowers of the 
field, from which with admirable skill she makes her 
honey. He neither trusts wholly to his own under- 
standing, nor contents himself with recording the 
history of mechanical experiments; but by reasoning 

_ 8kilfully from them brings forth truth and science, 
the great and noble production of the human 
2 * 3 . 1 ” 
He ve perly reprehends those, who, upon a 
weak nu lens „or ill-applied — ; 


thought or maintained that a man caffsearch too far, 


or be too well studied in the book of God's word, or 
in the book of God's works; but rather he says, let 
men awake themselves, and cheerfully endeayour to 
rsue an endless progress and proficiency in both; 
only let them beware, lest they apply knowledge to 
_ instead of charity, to ostentation instead of use. 
le also observes, that in the entrance of philosophy, 
when the second causes, most obvious to the senses, 
offer themselves to the mind, we are apt to cleave 
unt9 and dwell too much upon them, so as to forget 
What is superior thereto: but when we pass further, 
and behold the dependence, continuance, and con- 
 federacy of causes, and the works of Providence; 
then, according. to the auer of the poets, we easily 
believe that the highest link of nature's chain must 
needs be tied to the foot of Jupiter's chair, or per- 
ceive that philosophy, like Jacob's vision, discovers to 
us a ladder, whose top reaches up to the footstool of 
the throne of God. n | 
False schemes of natural philosophy may lead to- 
atheism, or suggest opinions concerning the Deity, 
and the universe, of the most dangerous consequences 
to mankind; and you have the more reason to be on 
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you guard on this head, as the philosophers of France 
ave, for many years, been perverting it to the most 
dire and malignant purposes. True philosophy will 
lead you to believe in, and adore, the Supreme Being: 
and as it continually exhibits brighter and brighter 
instances of his —. and power, it removes also, 
in part, that veil spread over nature, which conceals 
m our view its awful depths and majestic heights; 
and thus enables you to see ee of the 
Almighty shining in this his exalted creation, and 
hence instructs you to raise your voice in praises to 
Him, who is alone worthy to receive glory and honour 
and power; for it is by Him that all things were 
created, and also that they are continually pre- 
served. FD by 
* That one great and universal mind, who made 
all things by his power, and preserves them in his 
oodness, is the first and only cause, operating at all 
times and in all places, and producing by an exertion 
of his will, all the various phenomena of the material 
system. This first and universal cause, however, in 
the ordinary administration of his providence, hath 
condescended to employ second causes as the instru- 
ments of his will by which he acts; which second 
causes he hath also appointed in his wisdom to ope- 
rate through every part of his creation by general 
laws. To trace the hand of the Almighty through 
all his works, to investigate these general causes, and 
to erect them into the laws of physics, is the sublime, 
the delectable, and honourable employment of the 
natural philosopher.“ _ | | | 
To explain, therefore, . with certainty the pheno- 
mena of nature, to remove their obscurities, and ob- 
zerve their influence and connection, is the great 


business of philosophy; for this purpose the ob- 


* See Tatham's admirable work, entitled, Scale and Chart of 
Truth, p. 133. f | - | 
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server must obtain certain fixed points, which may 
serve as signals to conduct him in the difficult pa 
he has undertaken, and prevent his wandering too. 
far from the main road. 

Physical logie does not consist in argument, but 
in discovering facts, not what agrees with principles, 
but the principles themselves. There is a meaning 
and design in every operation of nature. The natu- 
ral philosopher endeavours to discover this meaning, 
and interpret these designs by a careful observation 
of her steps; but if the mind hastily imbibes, and 
without discrimination treasures up the first notices 
of things, error will ever prevail and remain uncor- 
rected; for if these primary notices are vitiated, on- 
fused, or inaccurate, those derived from them 
will be equally defective, and the knowledge built 
thereon like a magnificent structure on a bad 
foundation. 

The philosopher, therefore, avoids the demonstra- 
tion of syllogism, because it continually lets nature 
and reality slip through its-fingers, and wrests the 
works thereof to make them square with the works 
of men; whereas the works of men ought to be sub- 
mitted and formed according to the works of nature; 
80 that logical demonstrations applied to physical 
matters are only the play of words. He therefore 
takes induction for the form of demonstration, as it 
guards the senses, presses nature close, and rules 
over her works, 

Instead of flying immediately from the senses, and 
particulars to generals, about which disputes always 
turned, and deriving intermediate principles from 
these in a short but precipitate manner, a manner fit 
for controversy, but unfit to close with nature, he en- 
deavours to raise propositions by degrees, and thus 
arrive at general axioms, axioms not notional, but 
well defined, and such as are conformable to the na 
ture of things, 
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Axioms rained, says Lord Bacon, by argumenta- 
tion, can never be useful in discovering new works 
for there is no mode of raising axioms, but by a 
legitimate and proper form of induction, capable 
of separating experience, and concluding of neces- 
sity after all the proper rejections and 3 
are made. 

Beginning t then with pheriomena, the philosopher 
endeavours to trace out the. proximate causes, and 
rising gradually from particular causes, he proceeds - 
to the more general, and so on by sure and uninter- 
rupted steps, man comes without stop or gap to the 
top round, or unity of nature; from whence he 
descend in a contrary order, and from established 
principles explain the phenomena derived from them. 
In no other mode can we be sure that we assume the 
Principles which really obtain in nature, or that any 
system we may compose, is not mere dream and il- 
Jusion. 

Thus you see that the process of induction is an 
ascent from particular premises to general conclusion. 
The evidence of such general conclusion is only 
bable, not demonstrative; yet if the induction be 
sufficiently copious and properly conducted, it forces 
convietion as strongly as demonstration. 

Mere reasoning will carry a man but a very little 
way in most subjects; but by observation and ex- 
periments properly conducted, the stock of human 
knowledge may be continually enlarged. 

Before the philosopher forms his judgment, he 
must, by accurate experiments, and diligent obser- 
vations, search out how far the phenomena he is in- 
vestigating is influenced by others, and this in all 
possible cases and circumstances, by what modifica- 
tions it is affected, and in what proportion it is com- 
bined and connected with other effects: he will thus 
endeavour to obtain an exact notion of the object af 
his rescarches, and marching solidly towards truth, 
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he will interrogate nature with success; being careful 
to stop where no experimental proof can be procured, 
and not presuming where the subtilty of nature car- 
ries things out of his reach; for he might as well pre- 
tend to build without materials, as to form without 
observation and experiment a rational system of na- 
tural science. l 
General principles cannot be established with 
solidity, without numerous experiments, and many 
observations on the same individual subject, and then 
on different subjects of the same species: their pro- 
bability is greater as the observations on which they 
are founded are more numerous, and accurately per- 
formed: all exceptions being then made, a sound and 
serviceable portion of truth will be left behind as a 
G ro axiom. © By a repetition of the same in- 
strious process and laborious investigation, he ad- 
vances from general to more general, till at last he is 
able to form a few of the most general, with their at- 
tributes and operations, into axionis, or secondary 
principles, which are the well- founded laws enacted 
and enforced by the God of nature.“ 

Having discovered any of these laws or causes, it 
becomes the business of philosophy to trace them in 
all their effects, and to predict similar appearances 
from similar previous situations. The philosopher, 
by knowing what will be the result of putting things 
into a variety of circumstances, becomes master of 
the powers of nature, and can apply them to useful 
purposes of life; and thus does knowledge, as Lord 
Bacon observes, become power. 5 

The ancient logic, far from correcting what was 
wrong, served rather to fix error in the mind than 
open the way to truth. Lord Bacon had to begin 
anew, and lay down such rules for the workings of 
the mind, as would never leave it to itself; as if the 
business was to be performed by a machine, (an 


organum) which would settle the degrees of certainty, 
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and contrive such ways of submitting things to the 
senses, as that a true judgment might be formed 
concerning them. Being convinced by careful ob- 
servation, that the human understanding perplexes 
itself, and does not make a sober and advantageous 
use of the real helps within its reach; and that this 
occasioned manifold ignorance and many inconve- 
niences;- he employed his utmost endeavours to re- 
store and cultivate a just and legitimate familiarity 
between the mind and things, by raising a new art, 
in which reason and experience should be joined to- 
gether for the improvement of philosophy. This 
establishment of a new logic is called, by our author, 
te the art of interpreting nature.” 20 

The end of the new logic is, as we before ob- 
served, to find not arguments but arts; not what 
agrees with principle, but principles themselves; not 
probable reasons, but plans and designs of works; a 
different intention produces a different effect. In 
one the adversary is conquered by dispute, in the 
other nature by works. And suitable to this differ- 
ence of the design, is the nature and order of the de- 
monstrations, which here is purely inductive. 'Those, 
therefore, who determine not to conjecture, but to 
find out and know, not to invent fables and romances 
of worlds, but to look into and dissect the nature of 
this real world, must only consult things themselves. 
Nor can any force of genius, stretch of thought, or 
subtilty of argument, be substituted for labour, 
search, and inspection. | a 

The knowledge and power of man are coincident; 
for while he is ignorant of causes, he can produce no 
effects. Nature is only to be conquered by submis- 
ion, by condescending to inquire into and observing 
her methods of working, as a servant would learn 
those of his master. No power of man can break - 
the natural chain of causes; so that the only method 


85 whereby man can rule nature, must depend upon 
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learning her ways. And good hopes can only then 
be conceived” of the science, when by continued 
steps, like real stairs uninterrupted or unbroken, 
men shall ascend from particulars to lesser- axioms, 
and so on to middle ones, and from these again to 
higher, and lastly, to the highest of all; and thus 
discover the forms or active laws of nature, by which 
all things exist and have their effects. To the dis- 
- covery of these laws, we are continually directed by 
Lord Bacon, as to a thing that alone will constitute 
a just and universal theory, and direct to an exten- 
sive practice. His instauration, or scheme for re- 
1 arts and sciences, depends upon the disco- 

very of forms: but these forms or laws can be truly 
investigated by no other means than that of in- 
duction. 

Tt is therefore of the utmost importance in philo- 
sophy to ascertain, as accurately as possible, the ge- 

powers in nature, to determine their causes, 
and trace their consequences; for-as the phenomena 
of nature are infinite, and the faculties of the human 
mind are limited, these phenomena, when considered 
as unconnected with other facts, convey but little 
instruction. The infinite not being the object of 
science, till the forms or laws of nature be known, 
by careful. observation and accurate induction, no 
progress can be made in natural philosophy. 

Hence the necessity of collating and connecting 
corresponding facts, and the advantage of reducing 
them to certain axioms, and applying these to ac- 
count for other phenomena; that we may at last ad- 
vance to a-knowledge of the most general laws that 
regulate the system of operations in nature. But 
though we may be warranted to consider all the phe- 
nomena that we find connected with these general 
laws, and manifestly depending upon them, as 80 
many facts explained, so many truths knawn and un- 
derstood; yet we ought not to overlook such pheno- 
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mena as are not reducible to those general principles; 
but should view them as simple and separate Eets, - 
and treasure them up till a more enlarged ex- 
perience, and more accurate observation, lead us to 
the discovery of those powers of nature to which 
they are to be referred. LG ; 
his method of reasoning founded on experiments 
and observation, by which the general ideas and forms 
of natural philosophy are invented, is purely and ex- 
clusively inductive. The schools are not the theatre 
in which this philosophical logic is displayed. It does 
not delight in external appearances and ostentatious 
formality. It retires from the clamour of verbal dis- 
putation into the retreat of the elaboratory and obser- 
vatory, where in silent investigation it lays the foun- 
dation of substantial learning; and as it mixes with 
experiment and observation, it is incapable of bein 
adequately described by words, but it is best seen an 
understood by attending it in the act, and pursuing 
it/ through every stage of the analytical progression.“ 
After men had labeured in the search of truth near 
2000 years by the help of syllogisms, Lord Bacon 
proposed the method of induction as a more effectual 
engine for that purpose. His Novum Organum gave 
a new, useful, and remarkable turn to the thoughts 
and labours of the inquisitive, and may be considered 
as forming a grand zra in the progress of human 
reason. . | 1 Ts 
Neither experience nor experiment must, however, 
be considered as such infallible guides, as to justify 
our refusing information from any other quarter: for 
they never make us thorough masters of the subject. 
We may know enough for our present uses, but can 
never know that there is not more to be learnt be- 
sides what we have discovered. We can only ob- 


* Tatham's Chart and Scale of Truth, p. 137. 
Keid on the Intellectual Powers of the Mind. 
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serve what effects they work upon our senses, or 
upon one another, and from thence induce perfectly 
the powers belonging to them, and causes operating 
upon them, but can make no just deduction that 
there are not other powers and causes whose en 
we have never yet experienced. 
The greatest part of human knowledge rests upon 
probable evidence, Indeed we can have no other 
for general truths, which are contingent in their 
nature, and depend upon the will and ordination of 
the Maker of the world. He governs the world he 
bas made by general laws. The effect of these laws, 
in particular phenomena, are to our observa- 
tion, and by observing a train —.— uniform effects with 
due caution, we may at last decypher the law of 
nature by which they are regulated, 


Such is the genuine logic of physical learning, 
which has before it such a vast extent and variety of 


is sufficient to employ the joint and con- 
| £ Rae labours of philosophy of different ages and 
countries, assisted by the largest collection and best 
arrangement of natural history, which is the proper 
ſoundation of natural philosophy. From this ground 
experience takes its slow but steady course; it 
first, says Lord Bacon, lights the candle, and then 
by that candle shews the way, beginning wich 
regular and well- conducted experiments, not such as 
are vague and preposterous, from whence it derives 
axioms; and then from axioms well established de- 
scends to new experiments, 

But, however, numerous and extensive the ex- 
periments and observations may be, they must of 
necessity come short of the number and extent of 
nature, which in some cases will defeat all possibility 
of their co- extension; and in others, by its distance, 
lies out of the reach of their immediate application. 
In order, therefore, to make his law of general use, 

and stretch it over the whole extent of nature, the 


- 
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3 is obliged to have recourse to analogy, 
by which he can lengthen out his inductions, which 
are properly confined to the number of experiments 
and observations actually made, to all others of the 
same kind; concluding the axiom to hold good of 
all, and that not only for the present, but also for 
the future, till it be either confirmed and rectified, or 
else contradicted by better experiments, and a more 
extensive and complete induction. For, if in reason- 
ing about natural things, we were confined wholly ta 
experience, our knowledge must fall short of being 
general, for it would be confined. to those alone on 
which we made our experiments. oat? 1h | 

This is that just and philosophic method of reason- 
ing, which sound logic prescribes in this as well as in 
othef parts of learning; by which through the slow 
but certain road of experiment and observation, the 
mind ascends from appearances to qualities, from 
effects to causes; and by a fair inductign from many 
particular subjects extended by analogy, forms gene- 
ral propositions concerning the 28 and properties 
of physical bodies. What can fairly be deduced from 
facts duly observed, or sufficiently attested, is ge- 
nuine and pure; it is the voice of God, and no fiction 
of human imagination. | 

The view of nature, which is the immediate object 
of sense, is very imperfect, and of a small extent; but, 
by the assistance obe art, and the help of our reason, is 
enlarged till it loses itself in an infinity on either hand. 
The immensity of things on the one side, and their 
minuteness on the other, carry them equally out of 
our reach, and conceal from us the far greater and 
more noble part of physical operations. As magni- - 
tude of every sort, abstractly considered, is capable 
of being increased to infinity, and is also divisible 
without end; so we find that in nature the limits of 
the greatest and least dimensions of things are 
actually placed at an immense distance from each 


3 
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other. We can perceive no bounds of the vast ex- 
1 natural causes operate, and can fix no 
der or termination of the universe; and we are 


- equally at a loss when we endeavour to trace things 


to their elements, and to discover the limits which 
conclude the subdivisions of matter. The objects 
which we commonly call great, vanish when we con- 
template the vast body of the earth: the terraqueous 
globe itself is soon lost in the solar system: in some 
parts it is seen as a distant star: in great part it is 
unknown, or visible only at rare times to vigilant 
observers, assisted, perhaps, with an art like to that 


by which Galileo was enabled to discover so many 


new parts of the system. The sun itself dwindles 
into a star; Saturn's vast orbit, and the orbits of all 
comets, croud into a point, when viewed from num 
berless places between the earth and the nearest 
fixed stars. Other suns kindle light to illuminate 
other systems where our sun's rays are unperceived; 
but they are also swallowed up in the vast expanse. 


Even all the systems of the stars that sparkle in the 


clearest sky, must possess a small corner only of that 
space over which such systems are dispersed, since 


more stars are discovered in one constellation by the 


telescope, than the naked eye perceives in the whole 
heavens. After we have risen so high, and left all 
definite measures so far behind us, we find ourselves 
no nearer to a term or limit; for all this is nothing 
to what may be displayed in the infinite expanse, be- 


yond the remotest stars that ever have been dis- 


covered. If we descend in the scale of nature 
towards the other limit, we find a like gradation 
from minute objects to others incomparably more 
subtil, and are led as far below sensible measures as 
we were before carried above them, by similar steps 
that soon become hid to us in equal obscurity. We 
have ground to believe, that these subdivisions of 
matter have a termination, and that the elementary 
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particles of bodies are solid and uncompounded, so 
as to undergo no alteration in the various operations 
of nature or of art. But from microscopical observa- 
tions that discover animals, thousands of which could 
scarce form a particle perceptible to the unassisted 
sense, each of which has its proper vessels, and fluids 
circulating in those vessels; from the propagation, 
nourishment, and growth of those animals; from the 
subtilty of the effluvia of bodies retaining their par- 
ticular properties after so prodigious a rarifaction ; . 
from many astonishing experiments of chemists; and 
especially from the inconceivable minuteness of the 
particles of light, that find a passage equally in all 
directions through the pores of transparent bodies, 
and from the contrary properties of the different 
sides of the same ray; it appears, that the subdivisions 
of the particles of bodies descend by a number of 
steps or degrees that surpass all imagination, and 
that nature is inexhaustible by us on every side. Nor 
is it in the magnitude of bodies only that this endless 
tion is to be observed. Of motions, some are 
performed in moments of time, others are finished 
in very long periods; some are too slow, and others 
too swift, to be perceptible by us. The tracing the 
chain of causes is the most noble pursuit of philoso- 
phy; but we meet with no cause but what is itself to 
considered as an effect, and are able to number 
but few links of the chain. In every kind of mag- + 
nitude, there is a degree or sort to which our sense is 
proportioned, the perception and knowledge of which 
is of the greatest use to mankind. The same is the 
ground-work of philosophy; for though all sorts and 
degrees are equally the object of philosophical specu- 
lation, yet it is from those which are proportioned to 
sense, that a philosopher must set out in his inquiries, 
ascending or descending afterwards as his pursuits 
may require. He does well indeed to take his 
riews from many points of eight, and supply the 
0 g 
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defects of sense by a well-regulated imagination? 
nor is he to he confined by any limit in space or 


time: but as his knowledge of nature is founded on 


the observation of sensible things, he must begin 
with these, and must often return to them to ex- 


amine his progress by them. Here is his secure hold; 


and as he sets out from thence, so if he likewise trace 
not often his steps backwards with caution, he will 
be in hazard of losing his way in the labyrinths of 

From this short view of nature, and of the situation 
of man, considered as a spectator of its phenomena, 


and as an inquirer into its eonstitution, we may form 


some judgment of the project of those, who, in com- 

ing their systems, begin at the summit of the 
scale, and then by clear ideas pretend to descend 
through all its steps with great pomp and facility, 80 
as in one view to explain all things. The processes 


in experimental philosophy are carried on in a differ- 


ent manner; the beginnings are less lofty, but the 
scheme improves as we arise from particular observa- 
tions to more general and more just views. It must 
be owned, indeed, that philosophy would be perfect, 
if our view of nature, from the common objects of 
sense to the limits of the universe upwards, and to 
the elements of things downwards, was complete; 
and the power or causes that operate in the whole 
were known. But if we compare the extent of this 
scheme with the powers of mankind, we shall be 
obliged to allow the necessity of taking it into parts, 
and of proceeding with all the caution and care we 
are capable of, in inquiring into each part. When 
we perceive such wonders, as naturalists have disco- 
vered, in the minutest objects, shall we pretend to 
describe so easily the productions of infinite power in 
space, that is at the same time infinitely extended and 
infinitely divisible! Surely, we may rather imagine, 


that in the whole there wall be. matter for the 
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Inquiries. and perpetual admiration. of mach more 


Pte beings. 
It is not, 2 the been of olowpby, bt 


our present situation in the universe, to attempt to 
take in at once, in one view, the whole scheme of 
nature; but to extend, with great care and eireum- 
tion, our knowledge by just steps from sensible 
things, as far as our observations or reasonings from 
them will carry us, in our inquiries concerning either 
the great motions and operations of nature, or her 
more subtil and hidden works. 

Among those who have pursued the pa nnd 

out in the Novum Organum, Sir Isaac | who holds 
the first rank. It was on this plan he established his 
account of the system of the world upon the best astro- 
nomical observations on the one hand; while on the 
other, he perſormed himself, with the greatest 
address, the experiments, by which he was enabled 
to pry into the secrets of nature. 
Hle has given us two incomparable Treatises, his 
Mathematical Principles of Philosophy, and hig 
Treatise of Optics. In the first, he — the 
system of the world, and shews the powers which 
ern the celestial motions. These are extended 
the center of the sun to the utmost altitude of 
the highest comet. In the second, he treats of 
light, one of the most potent agents in nature. 

The first rule of philosophising laid down by this 

t man is this: No more causes, nor any other 
causes of natural effects, ought to be admitted, but 
such as are both true, and sufficient for explaining 
their appearances,” This is a golden rule. If a — 
losopher, therefore, pretends to she you the. cause 
of any natural der, 1 whether relating to matter or 
mind, consider first, whether there be sufficient 
eee that the cause assigned does war. eint, 
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If there be not, reject it with disdain, as  fietiong 


which ought to have no place in genuine philosophy. 
If the cause assigned really exist, consider in the 
next place, whether the effect it is brought to explain, 


necessarily follows from it: unless it has these two 


conditions, it is good for nothing. 

The second rule of the great Newton is this: 
“That natural effects of the same sort are to be ac- 
counted for by the same causes.“ This rule is 
founded on a just appreciation of analogy, on the 


uniformity of the proceedings in nature. Thus, it 


considers the descent of a heavy body towards the 
earth in Europe, as an effect of the same sort with 
the descent of a heavy body towards the earth in 
America. To such effec therefore, similar causes 
ought to be assign The motion of the moon 
round the earth, 97 6 the satellites round Jupiter or 
Saturn, and of the primary planets round the sun, 
are effects of the same kind. Therefore, whatever 


you find to be the cause of one of these motions, 
you may conclude to be the true cause of the others. 


It is easy for you to observe, that this rule is de- 


duced from the latter part of the foregoing one. 
Effects of the same kind may be accounted for 


by the same causes. It is right, therefore, to assign 


| 4 same causes to similar effects; because we should 


otherwise multiply causes without reason, and should 


introduce more than are sufficient for the A 


ances of nature. 

Newton's third rule is built upon: induction and 
analogy, and considers “those qualities that are 
found invariably to belong to all bodies, » wh which 
we can'make experiments, as Wee os onging to 


There are many bodies on which we cannot abe 
experiments; yet if we have frequently made ex- 
periments upon other bodies, that fall immediately 
under our notice, and * them invariably endued 


all bodies whatsoever.” © 
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with certain qualities, we may be allowed by analogy - 
to extend dur conclusion to all other bodies, and 
thus make it universal: a. way of reasoning that is 
agreeable to the harmony of things, and to the old 
maxim, .ascribed to Hermes, and approved by the 
observation and judgment of the wisest philosophers, 
That what passes in the heavens above is similar 
and analogous to what passes on the earth below.“ 
\ Thus all bodies that we have observed, are found 
to gravitate towards one another; they endeavour, 
if they are near the earth, to descend by their weight 
to the earth's center. Now, though we have not 
tried the experiment on every stone, or upon every 
piece of lead that we sce, yet from what we have 
tried, we conclude that all of them have this same 
nality.. And if this conclusion be just, when ex- 
tended thus far beyond our own observation, we may 
extend it still farther. No one, after what he has 
experienced in all sorts of bodies that he has been 
used to, can reasonably doubt, whether other bodies, 
of different sorts, are not possessed of gravity as well 
as these; and from what he has observed in all 
bodies, where he can make experiments, he may 
conclude, that this property of gravity belongs to all 
bodies universally, and. that the moon gravitates to- 
' wards the earth. It is thus that we are enabled, by 
a sufficient number of. particular experiments, to 
draw general conclusions. „ | | 
If you look back into the state of philosophy in 
the different ages, you will learn from the history of 
every period, that as far as philosophers consulted 
nature, and proceeded on observation, they advanced 
in true knowledge; but as far as they endeavoured 
to build schemes on any other foundation, they only 
multiplied disputes and errors, | | 


* Maclaurix's Sir Baue Newton's Discoveries, p. 22, 
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Wisely, therefbre, does Lord Bacon consider natu- 
ral philosophy as a vast pyramid, that ought to have 
the history of nature for its basis, an account of the 
powers and principles that operate in nature for its 
second stage, and the formal and final cause of things 
for its third stage. But as for the summit of this 

id, the Su of nature, od o peratur 
Na, eus a > MAIN Kahn finem, he Gad We it 
will be ever attainable by man. 

I cannot offer to your attention, as a conclusion 
to this Lecture, any, thing more pertinent to the re- 
searches you are engaged in, than the devout aspira- 
tions of a disciple of the Stagyrite, * only so far altered 
as to render them more conformable to the plan of 
this work. 

Assist us, O Lord, our heavenly Father, with the 
light of that reason by which thou lightenest the 
world; by which grace and beauty is diffused 
throu gh every part, and the welfare of the whole is 
uniformly upheld. So teach us to know ourselves, 
that we _ attain that knowledge which is worth 
attaini 

Teach us to be fit actors in that drama, where 
thou hast allotted every being, great and small, its 
proper part, the due performance of which is the one 
chief end of its existence. 

Enable us to curb desire, and keep it always with- 
in the bounds of rectitude. Be our first work to 
escape from wrong opinion and bad habit; that the 
mind being rendered sincere, and the heart incor- 

rupt, we may with safety proceed to seek our genuine 
good and happiness. 

When we are thus previously exercised, thus duly 
prepared, let not our love there stop where it first be- 
gins; but insensibly conduct it, by th invisible influ- 
ence, til it is conjoined to thee, i in TE only it can 
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find what is adequate and full. Teach us to love thee, 
and thy divine administration; to regard the universe 
as our true and genuine country; and let the streams 
of our beneficence be extended to the whole of man- 
kind. Be it our endeavour by an humble spirit, a 
gentle deportment, and an unfeigned good nature, 
to soften every care, alleviate every pain, and thys 
render all around us happy: 

Let our life be a continued scene of acquiescence 
and of gratitude, of gratitude for what we enjoy, and 
of acquiescence in what we suffer; and enable us to 
co-operate with cheerfulness in whatsocver thou or- 
dainest; that so we may know no other will than 
thine alone, and that the harmony of our particular 
minds with thy universal, may be steady and uninter- 
rupted through the of our existence. 

Turn our minds from all that is abject, servile, and 
evil, and enable us to embrace and cherish.only what 
is generous, lovely, fair and godlike. 

Let it be our study and delight to behold in the 
silent mirror of contemplation, those forms which are 
hidden to human eyes; that animating wisdom, 
which pervades and rules the whole; that order, ir- 
resistible, immutable, supreme, which leads the wil- 
ling, and compels the averse, to co-operate in their 
station to the general welfare; that magic divine, 
which, by an efficacy past comprehension, can trans- 
form every appearance, even the most hideous into 
beauty, and exhibit all things fair and good to thee, 
who art of purer eyes than ever to behold iniquity; 
the sole and only Lord and Saviour, a never-ceasing, 
ever overflowing ocean of meekness, delight, good- 
ness, patience, and mercy, ever giving forth the same 
gifts of goodness and truth, of light and love, bless- 
ing and joy, to angels and men. | 
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ON THE NATURE AND PROPERTIES or AIR, 


Tux earnestness of your wishes, to know the nature 
and use of the various articles now lying upon the 
table before you“, and which have been purchased 
for your amusement and instruction, gives me great 
pleasure, not only as it insures me your attention, 
but as it affords me an opportunity of saying a word 
or two on a subject in which you are highly in- 
terested. It is to encourage you to be often asking 
questions, and inquiring into the use of the things 
that are continually presenting themselves for ob- 
servation. If you suffered no subject, whether of 
business ar amusement, to pass by without inquiring 
into the use or advantage it would be of, either to 
ourselves or companions, you would acquire a 
habit of attention, you would awaken curiosity, 
and excite a spirit of inquiry; but above all you 
would strengthen your understanding, and learn 
rightly to estimate the worth and value of things. 
You may lay it down as a maxim, that as the 
essence of folly consists in an entire want of judg- 
ment, in an ignorance of the true value of things, 
so the essence of wisdom and knowledge must con- 
sist in the excellency of your judgment, or in the 
justness of your knowledge of the worth and value 
of things. He who knows most of the value of the 
best things, and who forms the best judgment of the 
things which are of the most concern to- him, has 


The young reader need scarcely be informed, that the various 
figures in the plates represent the apparatus used by our author ay 
the lecturer, DIT, : ; 
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the highest wisdom, and will be the happiest man. 
By habituating yourselves to a practice' conformable 
to this maxim, you will be prevented from taking 
any delight in those things which debase the mind, 
and are contrary to reason. You will not seek hap- 
2 where it is not to be found, because you will 
know that it is a treasure hidden within you, and 
that you may always enjoy it by a proper regulation 
of your tempers and conduct. 8 
The eagerness with which you desire to know the 
use of this apparatus will be considerably heightened, 
when I acquaint you with the purposes for which it 
is designed. It is intended to introduce you to na- 
tural philosophy, to enrich your minds with the 
knowledge acquired by the labours of the great and 
wise men who lived before you, to make you ac- 
quainted with the scenery of nature, the ways and 
means made use of by the great author and supporter 
of your being and mine, in producing those won 
derful appearances you see in the air, the changes 
you observe in the seasons, the nature of the air 
ou breathe, and the fire which animates your frame. 
But this apparatus is not confined merely to an ex- f 


planation of the operations of God in nature; it 
will instruct you also in the wisdom he has commn- 
nieated to men, and shew you the nature of those 
engines which they have contrived; the action of 
that useful instrument the common pump will be 
explained, and you will learn to know when they 
are well or ill constructed. You will comprehend 
the properties and principles of the steam engine, 
whose operations have so often excited your admi- 


ration; it will be too tedious to enumerate all the 


advantages you may acquire from this apparatus. 
Let me assure you, that explaining them to- your. 
companions, and performing the operations your- 
pelves, will not be one of the least; for by thus ex- 
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erting the faculties'of body and. mind, both will be 
strengthened and improved. 
From natural philosophy, you will Jearn that the 
creation is but an image or picture of the divine 
ection, and, therefore, bears a character of his 
Infinity and immensity: that this small part of it 
which we inhabit, is but a point in comparison of 
the solar system: that the solar system is but a point 
in comparison of the vast _—_ of the fixed stars: 
that these superior regions themselves are but a point 
in comparison of the innumerable worlds that lie 
perhaps hid in the bosom of immensity; that in this 
point which we inhabit, we know only some super- 
Rial qualities and properties of nature: that, as Sir 
Jsaac Newton said, all the discoveries mortals can 
make, are like thoge of a child upon the borders of 
the sea, who has only broken some pebbles, and 
- ed some shells, to see what is in them, while 
there lies beyond him a boundless ocean, of which 
He has no ideas: that we can never be true philoso- 
pPhers till we see the Author of nature face to face; 
_ compare the pictures with their original; and 
know, by direct intuition, their mutual relation 
and resemblances. Lord Bacon terms natural 
philosophy, the great mother of the sciences *; 
for neither the arts of speech, logie, medicine, civil 
policy, morality, religion, &c. can be advantageously 
exercised, improved, understood, or instituted with. 
out it; and all the mechanical sciences depend 
upon it. 
As you are now going to en ge in the study of” 
one of the branches of natural philosophy, a chort 
History of the origin of the word itself cannot but 
prove acceptable. When Pythagoras, of whom 
you have already heard mak” had completed the 
great tour of nee, and stored his mind with on 


* n Bcan, * ii. p. 270. 
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the hidden treasures of oriental khowledge, he pre- 
sented himself for the first time to the admiring eyes 
of Greece, assembled at the olympic games. 

* A spectacle, no doubt, it was for universal ad- 
miration and respect; an understanding so enriched, 
and full in meridian vigour, was an object that his 
cotemporaries might look at with veneration little 
short of idolatry. Pythagoras in this attitude, sur- 
rounded by the Grecian sages, on the field of the 
olympic games, whilst every eye was fixed with 
rapture and delight upon one of the most perfect 
forms in nature, began to pour forth the wisdom of 
his doctrine; astonishment seized the hearers; and 
almost doubting if it had been a mortal that had been 
discoursing, they with one voice demanded by what 
title he would be, addressed. Pythagoras answered, 
that their seven sages had taken the name of wise 
men, for his part he left them in possession of a dis- 
tinction they so well merited, he wished to be no 
otherwise remembered or described thin as a lover 
of wisdom;* his pretensions did not go to the 
Tos; 5 of it, and if they would call him a phi- 
losopher, he would be contented with the appel- 
lation. From this time, the name of a philosopher, 
became a title among the learned.“ abt 

Not to detain. you longer from an examination of 
the articles before you, T shall first give you a gene- 
ral description of some of them, and tell you their 


* As the word, Philosophy, has of late been much abused by infi- 
dels, politicians, and divines, it may not be improper to give another 
definition of the word, to guard and protect it, and to serve as a test 
by which to try the principles of these different writers. Philo- 
sophy is the investigation of truth of every kind from those princi- 
ples whick are peculiar and proper to itself, and from no other; 
which principles are not to be taken up at a venture, or framed 
upon supposition, but to be sought and found by much experience 
and observation in the nature and constitution of things themselves. 
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several names; this will render the explanation of 


their respective uses easier and more simple, and 
will enable you to make experiments with them, and 
explain their effects with greater facility. | 
These three instruments before you, are called 
air- pumps.“ The large one is adapted to the very 
nice 1 of great exhaustion. The middle 
size double- barrel one, fg. 2, is the most conve- 
nient in general experiments, is portable, &c. and is 
what I shall in common use for the experiments 
hereaſter to be made. The smallest single barrel 
one, I only recommend as being very portable, but 
its exhausting power is the least of any. We 
To no invention is natural philosophy more in- 
debted than to that of the Arir-eume; even in its 
original imperfect state, it was the occasion of man 
. 2 discoveries; these have been since mul- 
tiplied, and extended to a degree of which its 
original contrivers had no idea. From the enter- 
tainment that this instrument affords, and the light 
it throws upon the science of pneumatics, it is cer- 
tainly one of the most important of philosophical in- 
struments; and, as you will hereafter observe, to its 
further recommendation, the machine, its appen- 
dages and apparatus, require very little trouble, 
time, or skill, in their management. 

This common table air-pump, like all other air- 
pumps, consists of five principal parts. 1. The bar- 
rel, or two barrels, 2. The piston, or two pistons, 
moveable in the barrels. 3. Two valves of oil-silk, 


* Plate 1, fig. 1 represents the improved American double-bar- 
yelled air- pump; Ag. 2, the common table double-barreled pump; 

. 3, the small single-barreled pump, which has two plates, one 
ſor receivers, the other for a short barometer gage. Its principle 
is the same as in fig. 2, 3 that it has only one barrel, and 
that its piston is merely worked by the hand. In general this 
single - barreled pump is made but with one receiver plate and a 
mahogany basis, to save expense, and with its small apparatus to 
pack into @ portable mahogany case, 1 rn 23 
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or leather, one in the piston, and the other at the 
base of the barrel, the openings of which are so con- 
trived as to prevent the air returning back again. 
4. The plate of the pump on which the vessels are 
to be placed that the air may be extracted from them. 
5. A gage apparatus for measuring the degree of ex- 
haustion. 6. A screw for occasionally admitting the 
air when required.“ 1 

- The necessary requisites of a good air-pump are, 
1. That it exhaust or rarify the air as much as pos- 
sible. 2. That this be effected in the least possible 
time. 3. That there be a gage affixed to the pump, 
to ascertain with accuracy the degree of rarifaction. 
Before I explain the construction of the pump, I 
Shall place before you a few models of valves, on dif- 
ferent constructions, that you may have a clearer 
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* Plate 1, fig. 2, gives us a view of the common table air- 
pump; A, A, are the two barrels of brass; these are firmly re- 
tained in à perpendicular situation to the square wooden table, 
EF GH, by the transverse beam T, T, which is pressed upon 
them by the screws O, O, at the top of the two pillars N, N: from 
the hole in the center of the pump plate there is a perforation or 
canal in the brass piece, D, to the fore part K, where a screw is 
fixed to let in air occasionally: from the above-mentioned canal 
there is a perforation at right angles to the former, going to the 
center of the basis of each barrel; at each of these centers a valve 
is placed opening upwards to admit the air into the barrels; there 
is a piston so fitted to each barrel, that the air cannot pass between 
it and the sides of the barrel; to each piston there is a valve open- 
ing upwards, that the air in the lower part of the barrel may escape 
through them into the common air; they are also connected to a 
rack, and are raised or depressed by a handle, the lower part of 
which is fixed to the axis of a cog wheel, whose teeth take into the 
rack; one piston is raised, and the other depressed by the same 
turn of the . ; | 

Two barrels are advantageous, not only as performing the work 
quicker, but also because the weight of the atmosphere, pressing 
upon the rising piston, is counter-balanced by the same weight 
pressing upon the other piston descending. | 

The operation of air- depends- on the elasticity thereof, When, 
either of the pistons is drawn upwards, a vacuum is left behind it, 
and the pressure being thus removed from the yalye in the bottom 
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notion of their nature and use. By a valve is al- 
ways understood some substance, so placed over a 
hole, as to permit a fluid to pass through one way, 
but not the other, or back again. 
0 Fip. 4, 5, 6, 7, 8, are different kinds of valves. In 
which is confined loosely to the top of the plate, 80 
as to be opened easily by the air acting beneath, and 
it is the kind generally adopted in air-pumps; Ag. 5, 
a hemisphere of brass, fitting a concave hemisphere; 
this has been occasionally applied in pump work; 
E. 6, a conical valve; this has been applied to the 
air- pump; g. 7, is a flat piece of brass lying over 
the holes, through which the water is to pass; it is 
preserved in its position by the two side pieces or 
cars, g, h, through which the pins, i, k, pass; Fg. 
8, is the common water valve, consisting of a plate 
and leather hinge, used in common house pumps. 


of the barrels, this valve will be opened by the elasticity of the air 
in the receiver; and the air, rushing through it, will be uniformly 
diffused in the receiver, the canal connecting this with the 
lower valve, and into the barrel. But upon depressing the pis- 
ton, the valve at the bottom of the barrel will be closed, and the air 
therein being condensed, will open the valve in the piston and 
escape; thus the air contained in the barrel is discharged, and, by 
every turn of the winch, a quantity of air equal to the contents 
of the barrel, and equally dense with that in the receivers, is ex- 
hausted. | | | 
Behind the large receiver, L M, there is a small plate for sus- 
taining a small receiver, PO; from the hole at the center of this 
plate there is a canal- communicating with that which goes from 


. the large receiver'to the barrels; under the receiver is a small bottle 


containing mereury, a small tube filled with mercury and freed 
from air, and inverted with the open end in the mercury; this is 
ealled the short barometer gage. As the air is taken out of the 
receiver P O, at the same time that it is taken from the larger one 
E M, the descent of the mercury in the tube will point out the de- 
of rarifaction in the receivers; the mereury does not begin to 
nd in this tube till near three fourths of the air have been ex 
tracted; and the air is said to be as many times rarer than the at- 


mosphere, as the column of mercury sustained in this tube is less 


than the height the mercury stands, at that time, in a common 
barometer. Eprr. ; | 4 N 3 en 1 


-» 


AVD THAI xcTron7 47 


A $top-cock, such as applied to a beer barrel, is a 
dies of valve, for, by turning it one way, it lets 
a fluid pass through a pipe, &. but, by turning it 
about one quarter round, it shuts up the passage. 
When the hole in the moveable piece or cock coin- 
cides with the bore of the pipe, there is a free pas- 
sage for the fluids communicating therewith, but 
when the cock is turned the v is stopped. It 
requires to be made with great nicety, when used 
for intercepting the air, in an air- pump. 
Ide glass vessels to be placed on the pump are 
called receivers, Some of them are open at b tops” the 
others are closed. 

* To gain the most v pelt des of the ur. pump, it 
will be necessary to observe a glass model, or to 
take a single barrel one into pieces, “ thus: you 
now see that the barrel is made very eylindrical and 
smooth; the piston which moves up and down, is 
made to fit it so exactly as to permit no air to pass 
between it and the barrel, and yet to move up and 
down with ease; the bottom of the piston when 
down lies as close as possible to the lower valve, in 
order to prevent any air remaining between them. 
You observe, that in the piece screwed to the bot- 
tom of the piston, there is a hole coinciding with 
one that goes through the piston; over this hole a 
small piece of oiled silk is tied, which is the piston 
valve; it opens upwards to give a passage to the air 
from below. In the brass plate on the bottom, you 


see another hole with a valve on the top; by this 


* N. 22, which in 
the first instance is an air-pump, will clearly elucidate the con- 
struction of an air - pump. I would not advise the young reader to 
attempt the taking of double-barreled pumps to pieces, unless that 
he will very attentively, and previously observe the exact position 
of all the parts, so as to be able exactly to put them toge her 
again. After a pump has been laid aside for a long ime, this is 
indispensably necessary to be done either by a owner, or an in- 
strument- maker. Err. 
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there is a passage for, the air, from any receiver 
— on the plate of the pump to the cavity of the 
| at bottom; for the large plate of the pump is 
perforated with a hole to meet the last mentioned 
one. These few parts are all that are essential to 
the pump, and will be sufficient to give you a very 
clear notion of the principles of those that, aun _ 
in a complex form. 
Jo work the pump, the piston is placed at, tho 
bottom of the barrel, and then lifted up; we $up- 
N be so well fitted as to leave little or no air 
| z consequently, on lifting it up, you raise 
the column of air that stands over the piston, and 
leave a cavity or space below in a great measure void 
af air, supposin f that none could enter into this space 
through the valve in the plate of the pump. But as 
the air is very elastic, as I sball prove to you bere- 
aſter, that which is in the receiver rushes through 
the lower valve into the void space in the barrel, till 
what is tems and in the receiver, become equally 
dense; b this means the quantity of air in the re- 
ceiver is . and as what remains still occupies 
the same space, it is said to be rartfied or less dense. 
Ihis is one half of the operation; in the next 
tbe 2 is to be carried down to the bottom of the 
barrel; by raising the piston I brought some of the 
air out + the barrel; by depressing the piston I shall 
get it out of the barrel 4 — and thus get rid of it 
quite; for by forcing the piston down, the air con- 
tained below it in the barrel, as it cannot return 
through the valves at the bottom of the plate, is con- 
densed by the piston, till it acquires elasticity enough 
to force open the valve in the piston, and make its 
escape into the common air, from whence it cannot 
return, being prevented by the valve. Thus a 
. of the air in the receiver 18 extracted, and by con- 
tinuing the operation, as much will be taken 
therefrom as is possible or may be required. 
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By means of the air- pump and its apparatus, you 
will soon become acquainted with the nature and 
properties of air. Air is a fluid into which you 
are plunged the moment you are born, and without 
which you would in a moment be deprived of life. 
The nature of a fluid so important, should certainly 
engage the attention of every rational being; for no 
substance has a more universal influence on the ge- 
neral course of nature. The varieties in its tempe- 
rature and weight are continually agitating our 
frame; to the action of these changes on our bo- 
dies we may attribute many of our sensations, both 
irksome and pleasant. Indeed, we have always 
something to hope or ſear from the vicissitudes of 
which it is susceptible. It contributes to the for- 
mation of hail, and sustains the clouds. Plants 
grow and are nourished by it. Without the air, 
there would be neither sound, nor voice, nor lan- 

age, all fire would be extinct, animals would 
5 and the whole world would languish and de- 
It is almost impossible for you to think with 
indifference of-the wonderful effects occasioned by 
this invisible agent. If your mind is capable of ad- 
miring these effects, it will not be insensible to the 
pleasure that is to be derived from a knowledge of 
their causes. 
It is so pleasing to contemplate the first dawnings 
of — in science, and to see them rising 
to perfection, through the successive la- 
— > minds, that I cannot refrain 
. giving you a short history of the air-pump. 
The famous experiment of Torricellius, to be ex- 
plained in the next lecture, gave rise to the air- 
pump, and: led the, Florentine Academicians to con- 
e an instrument to procure a vacuum. For this 
se, they filled a vessel with quicksilver, and 
— emptied it, TY care to prevent the air from 
VOL. 1. D | 
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entering while the quicksilver was going out: this 
instrument, being very inconvenient as well as im- 
perfect, was soon laid aside. 72 

Otto de Guericke, an ingenious magistrate of Ham- 
burgh, invented the air-pump in 1654, and made 
the first public trial thereof about the same time at 
Ratisbon, before the Emperor of Germany, and se- 
veral of the electors, who were highly delighted with 
the curious experiments exhibited by it. An ac- 
count of these was soon after published by Scottus, 
a learned Jesuit. In 1672, Otto de Guericke gave 
an excellent narrative of his own experiments: the 
instrament was, however, still awkward and ve 
imperfect. In order to try experiments with it, they 
were obliged to place their glasses, vessels, and other 
substances under water, to Vn * air from re- 
entering. 

It was afterwards 80 mach im owt by Fvobe, 
e rival of Nætiton, and by the famous Boyle, and 

lied by the latter to ch useful purposes, and 

noch in his hands so rich a mine of natural know- 
ledge, that the invention has often been attributed 
to him, and the vacuum made by the air-pump is 
still called the Boylean vacuum, in contradistinction 
to that of N Subsequent improvements 
have been made by Messrs. Gra vesande, Nollet, 
Smeaton, Haas, and Cuthbertson; but the last and 
most perfect i is that of the Rev. Dr. Prince, of Bos- 
ton, in America which I have given the name of 
the American Air pump. I shall just add here for 
your further information, the description of the 
American air-pump, improved; and, not to interrupt 
the order of experiments in this lecture, I shall in 
an appendix to Lecture V. ge minutely on to a 
description of the respective merits of these inf 
provements; but it would have been hig ghly | 
proper to leave you altogether unacquainte with 
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the names of those who have improved the instru- 
ments of science, and of whose labours we are now 
reaping the benefit. 

It is a duty we owe society, to commemorate the 
benefactors of mankind; and I therefore feel t. 
pleasure in laying before you a short sketch of the 
character of Mr. Boyle, whose unexceptionable in- 
tegrity, extensive charity, and singular piety, did 
great honour to philosophy; no one ever took more 

ains to promote natural knowledge in all its 
— among these, the doctrine of the air af- 
forded him ample field, and he cultivated it with 


muccess; he examined objections with patience, and 


refuted them without ostentation. The world he 
considered as the temple of God, and © man (to use 
his own words) as born the priest of nature, ordained, 
by being qualified, to celebrate divine service, not 
only in, but for at. Not satisfied with having pro- 
moted the belief of a Deity, and the evidence of 
true religion, in the greater number of volumes com- 
by him during the course of a laborious life, 
he has taken care by his will to perpetuate a succes- 
gion of adypcates for it. Such a man, we must allow 
to be an ornament to his own age and country, and 
a public, benefit to all times and nations. He seems 
to have been a heavenly spirit in a human form de- 
scending from above, to survey the wonders of this 
lower frame, and from thence, as from a new subject, 
to raise in himself and others, a new source of adora- 
tion and gratitude, and new songs of love and praise. 
Plate 1, fig. 1, is a perspective view of a new 
double-barreled air-pump, according to the con- 
struction of the ingenious and Rev. Dr. Prince. 
The peculiar advantages and properties of this con- 
struction I have deferred to the appendix to Lec- 
ture V. The principles of the air- pump have already 
been sufficiently elucidated in the previous part of 
k Fa. * D 2 R . | 
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this Lecture, so that J have here only to descrids 
the general principles of this 1 as, in my 
opinion, it stands among the first of any hitherto 
Nannes or constructed, and exhausts to a very 
oonsi lerable degree of nicety. This figure, plate 1, 
fig. 1, represents the pump with a receiver on 
the plate, and barometer gage, as ready for use; 
A, A, are two brass barrels in which the pistons 
move; the barrels communicate with the receiver 
placed on the pump by means of the pipe BC, and 
canal DE; the stems or rods of the pistons are seen 
at F, G; each of these is connected with a rack, 
that is, a piece having teeth on one side. At I there 
is a Wheel, whose teeth take into those of the rack; 
so that by turning the handle H, fixed to the axis of 
this wheel, one way or the other, the racks, and of 
course the pistons connected with them, are alter- 
nately raised and depressed, by which means the air 
will be exhausted out of the receiver K L, the tube 
BC, and the canal DE, which as they communi- 
cate with each other, may all be considered as one 
vessel. At the top of cach barrel is a plate, on which 
is a box mn, containing a collar of leathergg-through 
this the cylindrical part of the piston rod moves, air 
: tight; oo, is the place of the valve on the top plate, 
into which a pipe is soldered that conveys the air 
from the valves to the duct, going under the valve 
pump. P represents this valve pump, designed to 
prevent the pressure of the atmosphere from acting 
on the valve on the top plate. Q is the piston rod 
of this pump; R the handle by which it is worked. 
Y is a cock to cut off occasionally the communica- 
tion between the receiver and the working parts of 
the pump. There is.a screw at 8, which closes the 
orifice of the canal DE: by unscrewing this the air 
may be admitted.when required. Z is an oil-vessel 
to receive the oil driven over by the action of the 
pump. It may be proper to observe here, that there 
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should always be a small quantity of oil in the cups 
of the boxes m, n, that hold the collar of leathers 
through which the piston rods move: abe is the 
barometer gage; de the box or cistern containing 
the mercury; there is a divided box scale affixed to 
the tube, to ascertain the rise or fall of the mercury; 
a small ivory tube encompasses the lower end of the 
glass tube, and floats. upon the quicksilver in the 
cistern; the upper end of this is always to be 
brought to coincide with the lower division of the 
box scale; this it is made to do by the screw under- 
neath the cistern: when it thus coincides, the divi- 
sions on the scale give the true distance from the sur- 
face of the mercury in the bason. | 

f is a key for tightening or looscning the screws 
of the pump. I have only to observe here, that 
when either piston is down, there is a free commu- 
nication from the receiver through the tubes and 
canal, to the part of the barrel above the piston; 
when the piston rises, it forces out all the air above 
it through the valve in the top plate; and as this 
valve prevents the air from returning into the barrel, 
when the piston descends, a vacuum 1s formed be- 
tween it and the under surface of the top plate; as 
soon, therefore, as the piston has descended below 
the holes communicating, by the tubes and pipe, 
with the receiver, the air rushes therefrom into the 
exhausted barrel; on the next ascent of the piston, 
this air is foreed out as before. To prevent the 
piston from meeting any resistance in its descent, 
there js a valve therein to allow the air to pass 
through as the piston descends, but the air does not 
necessarily depend upon a passage through the piston 
in order to get into the barrel. By these means the 
piston descends as easily as in any other construc- 
tion, while the valve therein does not impede the 
rarifaction, The valve pump P is, as has been before 
observed, used to take off the pressure of the at- 
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mosphere from. the valve on the top plate of the 
pump, and form a more perfect vacuum between 
this plate and the piston, that nothing may prevent 
this instrument from exhausting as far as its an 
sive power will permit. 

The barometer gage abe, which is used to 
measure the exhaustion of the receiver, consists of a 
tube, divided by a scale annexed to it, of inches, 
and fractional parts of an inch, whose higher orifice 
communicates with the receiver, the lower is im- 
mersed in a cistern of mercu 5 

Before any exhaustion has taken place, the mer- 
cury in the tube and cistern is upon the same level; 
and, after any number of turns of the pump, the air 
in the receiver and tube is equally rarifi „ and the 
mercury will ascend in the ws till the weight of the 
column above the surface of the mercury in the 
cistern, and the elasticity of the air in the receiver, 
taken together, be equivalent to the weight of the 
atmosphere; and if the altitude of the column is 
equal to the standard altitude, the vacuum in the 
receiver, and that above the mercury in ne. baro- 
meter, are the sxame. Plate 1, fig. 12, is hon 
gage, which is oy ionally N for t e ba- 
rometer gage. Plate fg. 11, is the » 
| Rr be Pad. 4 e 

As you have now attained a general idea of the 
fabric and contrivance of the air-pump, I shall 
ceed to investigate the properties of — air itzlf by by 
means of this instrument. 
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The form of air is not visible, yet the substance 
and action thereof is evident to the rest of our 
senses. This bladder which I am going to fill with 
air, will be very different when filled, from what it 
is in its present state; it may now be rolled up. and 
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twisted almost into any form; but when I have filled 
it by blowing into it, it is capable of resisting a 
considerable pressure. It is now filled, and you 
will find that scarce any force you can exert will 

bring it together. You cannot, indeed, see the air 
in the bladder, but you can feel its resistance, in the 
same manner the particles which give energy to the 
hurricane are invisible, but fatal experience evinces 
their power. 

Here is a brass oyringe with a solid piston; 1 have 
stopped the bottom, that the air contained between 
the piston and the bottom of the syringe may not 
escape. This air, when the piston is at a certain 
depth, will resist so powerſully, that if the materials 
do not give way, no force whatever will bring the 
piston down. Fry it, and you will find on pushing 

it down, that it seems to work as if against a very 

_ 8trong spring. See g. 9. 

lere are two glass Ai or tubes, partly filled 
with water, and hermetically sealed, see plate 1, 
Fg. 16*; these will exhibit another proof of the re- 
sistance of the uir. This, in my hand, has had the 
air extracted from it, the air remains in the other. I 
lift the exhausted one up, and the water falls upon 
the glass in which it is inclosed like a piece of iron, 
with a smart noise, from whence it has been named 
the philosophical hammer; while in this, where there 
is a | vis air to fall on, it scarce makes an noise. 
Artists are accustomed to judge of the ess of 
the vacuum in barometers, &c. by the smartness of 
the sound made by the quicksilver striking against 
the top of the tube. 
Custom has rendered the contact of air 80 familiar 
to us, that you must reflect, before you can be sen- 
sible of the actual impressions it makes upon you. 
Being constantly surrounded by the air, we do not 
consider the continual force it opposes to all our 

motions; but if we could be taken out of tlie at- 
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mosphere, and were to return to it again, we should 
then perceive without reflection, that the air touches 
us on all sides, as we feel that the water touches us 
when we plunge into it. I take this empty glass 
vessel, and plunge it perpendicularly into a jar of 
water, with the aperture downwards, and you perceive 
that that part of the water which answers to the 
aperture of the glass vessel, sinks in proportion as the 
vessel descends, for the vessel contains a column of 
air, which opposes the entrance of the water, though 
its resistance is not powerful enough to exclude it 
entirely. Hence you see, why a vessel cannot be 
filled with water, by plunging it with its orifice 
downwards; why a funnel, if the pipe fit closely to 
the neck of a bottle, is not convenient for pouring 
of liquor; for, in order to put the water or wine into 
the bottle, the air must pass between the neck, and 
the funnel; but when the neck is so narrow, that 
there is not room for a free passage at the same time 
for the liquor to go in and the air to. go out, it must 
be brought about successively. We are apt, indeed, 
to consider every thing as empty whieh is only filled 
with air; but the experiments you have seen, have 
shewn the impropriety of this consideration, by prov- 
ing that they are filled with a resisting substance. 


or THE WEIGHT OF: THE AIR. © 


Lou have often heard, perhaps, made use of the 
expression, © as light as air;” but, light as it is, it 
is heavier than you imagine, and its weight 1s the 
cause of many dk aeots in nature. That it 

has weight, I shall prove, by shewing you that a 
vessel is heavier when full of air, than when the air 
is extracted from it. For this purpose, I have a 
bottle furnished with a stop-cock; I weigh this ac- 
curately while full of air. I shall now screw it to 


the pump, extract the air out of it, and prevent its 


* 
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re- entrance, by turning the stop-cock: on weighing. 
it again, you see it is considerably lighter than it was 
before, and consequently has lost weight by the ex- 
traction of the air. A copper or glass flask, with an 
oiled silk valve DD, plate 3, fg. 8, answers suf- 
ficiently well, the screw of which is fitted to thecens 

ber hole of the pump MN, plate 2, jig. 2. 

Jo be more particular, I fill this flak, when the 
air is exhausted from it, with water, and weigb it. 
I subtract from this weight the weight of the flask, 
without air, the deficiency is the weight of the 
water. A cubic inch of water has been found to- 
weigh so many grains; — therefore, the 
weight of water, by this number of grains, gives me 
the cubic inches contained by-the flask. 

About 144 grains of air, are equal in volume to 
two pounds of water; therefore, the proportion is 
as 1 to 800. 

As the air cannot be perfectly exhausted from the 
flask, absolute exactness is not attainable by this 
method; it is, however, sufficient for every com- 
mon purpose. The height of the barometer and 
thermometer should always be noticed at the time 
the experiment is made, as a variation in these will 

Occasion a difference in the results. The weight of 
the elastic fluids, of whose nature we shall speak 
1 may be obtained in the same manner. 


OF THE PRESSURE OF THE AIR. 


As you have seen that the air has wei ght, — 
consequently presses upon all bodies that are con- 
tiguous to it, you will be less surpriged at some of 
the effects occasioned by this pressure. I place this 
glass vessel or receiver upon the plate of the pump 

MN, plate I, fig. 2, from which it may be removed 
with the utmost Beibty. because there is under it 
a mass of air of equal density with that which sur- 
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rounds it; the internal air is a counter-balance to 
the column of air upon the top of the receiver. I 
now work the pump, and thereby take out or EX- 
haust the air from under the receiyer, and thus re- 
move the counter-pressure; the receiver will then 
be down upon the plate of the pump by the 
whole weight of the at here incumbent on its 
surface. It is done, and you will now find it v 
difficult to separate the receiver from the 2 
which it is fixed don with a force equal to as many 
times 15 pounds, as there are square inches, covered 
by the opening at the mouth of the receiver. If the 
receiver be large, the weight of the . e 
column is enormous. Lou cannot, 1 see, separa 
the receiver from the plate; I will, 7 ——— — 
mit the air, by turning this screw K, the balance 
will again be restored, and the air pressing as much 
upwards against the inward parts of the receiver, as 
the outward parts are pressed downwards by the ex- 
ternal air, the receiver may then be easily removed. 
The natural propensity of the human mind, to 
know the cause of every effect, often leads men into 
errors, and makes them satisfied with a word which 
does not remove their ignorance. It is thus that 
some have said, the glass was held down by suction, 
without explaining what they meant by suction, or 
shewing how it was produced. I shall, however, 
prove to you by the next experiment, that the glass 
is not held down by suction. I take this stand and 
small brass plate, put an oiled leather on it, and 
place it on the plate of the pump; I then suspend | 
this small receiver on the hook of what is called a 
wire and collar of leathers, plate 1, fig. 16, under 
the larger receiver, and place the large one in such 
manner on the pump plate, that the small receiver, 
when let down, will come on the small plate, plate 1, 
Hg. 17, where 4 ö represents the large receiver or 
plate of the pump: nnn the pump, the 
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air will be exhausted from both receivers. Let us 


no consider the circumstance; there is no air un- 
der either glass, all is free within, but the outer 
glass is held down by the pressure of the external 
air; whilst the small glass having no air to press 
upon it, continues loose, and by the sliding wire may 
be drawn up and down at —.— Admit the air 
into the receiver, and the large one will be set at 
liberty, whereas the small one will be pressed down 
upon the plate; and this clearly, not from suetion, 
for it continued loose whilst I was pumping, but the 
internal air or prop being taken away, the external 
Presses upon it, and keeps it down. 


There are few experiments which are more de- 


oisive against the vulgar opinion of suction, than 


that which is made with the instrument called a 
double transferer, plate 2, fig. 11. Screw the end 
of the middle pipe into the hole of the pump plate, 
and turn the three stop-cocks, d, G, H, so as to open 
the communication between the pipes and the pump. 
I place a receiver upon one of the plates g, taking 
care that the communication with the other plate h, 
is cut off by turning the cock H, connected there- 
with; exhaust the air out of the receiver, then turn 
the cock d, which connects the whole with the 


pump, to prevent the air from re-entering, and un- 


screw the apparatus from the pump: now put a re- 


ceĩver upon the other plate, and this will continue 


loose on the plate as long as it remains full of air: 
turn the cock, belonging thereto, to open the 
communication between this and the other receiver, 
and the air in the last having nothing to act against 
its spring, will rush into that which was exhausted, 
until it be of equal density in both, and they will be 
held down with equal forces to their plates, by tho 
essure of the atmosphere, though each will be 


acted on the first when exhausted of its air. 
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ept down with only one half of the pressure that 
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Here is what is called « bladder glass, and open 


- at both ends. I took a wet bladder, and stretched 
it over one of these ends, tied it fast, and let it dry. 


I now place it on the plate of the pump, plate 1, 


Ig. 14, while the air presses the bladder equally on 
both sides, it lies even and strait; but as soon as IT 


begin to exhaust the air, you see it is pressed in- 
wards, and is perfectly concave on the upper side; 
in proportion as I ws” vg: the air, the bladder is 
more-stretchea; it will soon yield to the incumbent 

re, and burst with a loud explosion. You 


observe, that when the bladder was not much pressed 


down, it recovered its smooth even situation; as soon 
as I let in air to support it; but no sooner did we 


take away this assistance than the bladder burst. As 


the fibres of a bladder are very strong, this experi- 


ment will not always succeed, and you will often 


find it necessary to facilitate the rupture, by pressing 


the bladder with your finger, or the point of a knife: 


to avoid this, and render the experiment more cer- 
tain, I macerated the bladder, and then took off 


Some of the skins of which it is composed; being 


thus rendered thinner, it has succeeded perfectly to 
our wishes. To save this trouble, it is best to choose 
a thin sheep's bladder. de NEO I'S e 
You ask me, with propriety, why the weight of 
air does not break the receivers as it bursts the 
bladder? The strength of the receivers is derived 
from their circular form; the arched figure prevents 
them from giving way inwards,Mor if they were 
made with Gd sides, like this small thin bottle, 
the external pressure would break them to pieces 
when the air was removed from the inside. Tbis 
small thin square bottle has a valve at the neck 
opening outwards; I set it on the plate of the pump 
with a cage over it, and a receiver over both, plate 3, 
Fe. 2, and exhaust the air; that in the bottle will 
come out through the valve: the air is now ex- 
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bausted, and I shall let it in again suddenly; the 
valve will prevent any from getting into the bottle, 
The receiver is now full of air, and you see the bot- 
tle is broken into innumerable pieces, with an 
explosion; for being deprived of the internal sup- 
port, it was incapable of sustaining the weight of the 
atmosphere. The noise of these experiments has 
strugk you with astonishment, it is therefore neces- 
sarMhat I should explain the reason to you; it is 
occagioned by the quantity and velocity with which 
the air enters the vacuum. Mr. Papm has calcu- 
lated, that the air enters a vacuum with a velocity 
that would carry it through 1300 feet in a second 
of time. When I pull off the top of this tooth- pick 
case, I rarify the air, for while I am opening the 
case, the capacity thereof is increased, the air which 
before occupied this short space, now occupies a 
larger; and the velocity and force required to re- 
store it in both pieces to its natural state, occasions 
the noise. Other instances will occur, which you 
may explain in the same manner. : N 
When I stretch out my hand, with the back of it 
upwards, I do not feel the weight of the air which 
presses upon it, because the lower air presses the 
palm of the hand as much upwards, as the incum- 
bent column presses the back part downwards; and 
these two mutual and contrary forces destroy each 
other, so that neither of them is felt. But if you 
place your hand upon this small open receiver now 
on the pump, called an hand glass, while I exhaust 
the air trom below it, and thus remove the air which 
pressed upwards against the palm. of the hand, 
whilst the external air presses upon the back part of 
it, you will find your hand pressed downwards with 
ous enough to give you pain, and make you feel 
e weight of the incumbent atmosphere. Thus as 
we seldom know the blessings that surround us till 


we are deprived of them; 80 in the present case, we 
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were not sensible of the weight of the ambient fluid, 
till a part of it was taken away, and the pressure was 
not sensible till the, counteracting] pressure was re- 
moved. To lift your hand from the receiver when the 
air is exhausted from under it, you must exert a force 
capable of raising the column of air incumbent on it; 
now this column is equal in weight (as will be 
evident in the next lecture) to a cylinder of quick- 
silver, whose base is of the same size as the th 
of the receiver on which your hand is laid, and 
whose height is about thirty inches; of the weight 
of such a column, you may form some idea by lift- 
ing up this small bottle with quicksilver,; at the 
same time that the hand is thus forced down, the 
pressure is taken off from that part which is exposed 
to the vacuum; the fluids therefore flow to that part 
and cause it to swell, which is further increased by 
the elasticity of the air, a property to be hereafter 
noticed. : | | 1 
Ibis experiment shews also, that there is a quan- 
tity of air contained in the flesh and humours of the 


body, and explains the nature of cupping. In doing 


this, the operator generally takes a small glass close 
at top, and holding it a little time oyer the flame of 
a lamp, the air is thereby rarified, and a _ of it 
driven out; the glass is then suddenly clapped on 
the part to be cupped, the remaining air now cools 
and condenses, and the glass adheres to the flesh. 
In proportion to the difference in the pressures of 
the external and internal air, the flesh rises in the 
glass and becomes very protuberant, as in the fore- 
going experiment, and for the very same reasons: 
the glass being removed, the part is immediately 
wounded by a scarificator, which consists of a number 
of fine- pointed lancets, acting at once from a spring ip 
a brass case. The glass is then heated a second time, 
and applied as before; blood and serosities are by the 
external pressure of the air forced from the wounded 
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vessels into the glass, and when one has done its 
office and drawn sufficient, another is applied, till 
the intended quantity is drawn off, but the best 
Manner of cupping is by the exhausting syringe, and 
to which may be adapted a breast glass. 

It must be evident from what you have seen, that 
the pressure will be greater and more sensible, in 
proportion as the mouth or opening of the receiver 
is larger, and consequently you will find that your 
hand will be more firmly attached to the receiver, 
than your thumb will be to this hole in the plate of 
the pump. 

I have tied the neck of a bladder to a stop-cock, 
which I shall screw to the plate of the pump, and 
exhaust the air from the 7 — I now turn the 
stop-cock®o prevent the re- entrance of the air, and 
then unscrew the whole from the pump. The blad- 
der is transformed into two flat skins, so closely ap- 

plied together, that the strongest man cannot raise 
one of them half an inch from the other. When the 
bladders form the area of a circle six inches diame- 
ter, each side is pressed upon its fellow with a force 


equal to 396 pounds. 
This —2 is elegantly illustrated by dis 


brass hemispheres, which are usually termed the _ 


| eburg Hemispheres, plate 1, fig. 20, as bei 
the invention of Oito de Guericke, of Lans 
apply these hemispheres together, with or without 
leather at the place where they shut; they are now 
easily separated, and will most probably fall asunder 
by their own weight. I screw them to the pump, 
turn the stop-cock a, and then exhaust the air from 
between them; they now, as you find, adhere 
strongly together, with a force which requires about 
fifteen pounds for every square inch in the circle. 
If the stop- cock be turned, and the air re- admitted, 
will fall asunder as before, for the air restores 


the equilibrium; before its admittance, the action 


I 
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the piston, the contrary takes place, and thus the re- 
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5 within was weaker than the action from without; ant 
ths effect ceavcs as on a3 ;the former, is made equal 


to the latter. 
To shew this in another way, I exhaust ne 


hemispheres as before, turn the cock to prevent the 


re- entrance of the air, then suspend them to this 
hook under the receiyer, and place the whole on the 
pump. What do you think will be the consequence, 


x I exhaust the air from the receiver? You know 


they are kept together by the air that incompasses 
them in the receiver. If then I should take away 
this air, there will be nothing to oppose their coming 
asunder. I have exhausted the air from about them, 


and you see with what ease they are separated. 


This small instrument, plate 1, fig. 22, is a mo- 
del on a small scale of a common water pump, and 


will serve to shew you why at every stroke of the 
common pump, the water in the well rises in the 


ipe below till it arrives at the cistern, and then runs 


out. The glass tube AB, represents the barrel of 
the pump, the lower tube the p pipe, and the water in 


the jar that of the well. I raise the piston E, and 
you see the water follows it, rising at every stroke till. 
it has reached the cistern, and then runs out through 
the pipe. To shew you that this effect arises from 
the pressure of the air, I place the pump on this re- 
ceiver CD, and put it with the jar of water on the 
plate of the air-pump; I draw out the air from the. 
recciver, and then raise and work the piston, but the 
water does not rise, q there is no pressure of air to 
produce that effect; à clear proof also that pumps do 
not act by suction. The barrel of this pump being 


made of glass, admits of your scein "g the action of 


the brass valves, for the 3 of the water up- 
wards. In ng up the piston E, its valve is shut, 
the barrel open. Upon the descent of 


turn of the water * el. 
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This plate, stop-cock, and jet pipe, is called a 
transferrer, plate 2, fig. 12. I screw the stop- cock 
to the pump, and then this pipe on the plate of the 
transferrer, on which I also place an oiled leather, 
and then a tall receiver on the leather. Exhaust the 
air from the receiver, and then turn the stop-cock c, 
to prevent the re-entrance of the air; now unscrew 
the whole from the pump plate, screw a small pipe 
to the stop-cock, and hold it over a dish of water, 
80 that the mouth of the pipe or stop-cock may be 
under water; turn the stop-cock, and the pressure 
of the air, in its tendency to rush again into the re- 
ceiver, will force up the water into the receiver, and 
form a very pleasing fountain. W 
Other experiments will confirm what you have 


already seen, by shewing you that a quantity of a a 


fluid 'as heavy as water will not sink in the atmos- 
phere, unless the air have liberty to press or its 
upper surface. | 

cal wine glass, which is filled with water; I then 
apply my hand to the top of the glass, and invert it: 
I withdraw my hand, the water remains in the glass 
supported by the pressure that the air exercises up- 
wards. The sides of the inverted glass prevent the 
air from pressing on the upper part, but it has free 
access underneath, and its pressure is evident by the 
concavity of the paper. The water rests on the 
paper as a common base, which keeps the surface 
uniform, and prevents the water from oscillating, 
and thus forming a passage for the air; because, 
when one part of the column of water becomes lon- 


ger than the rest, it is heavier, and therefore des- 


cends; by these means the air gets room to ascend 
in the place of the descending water, and a general 
Os tops, place, the glass is soon deprived of 


contents. 
VOL. I. ne * 


lay a piece of * on the mouth of this coni- 
1 
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Upon this principle this fountain acts, the 
part or receiver, A, Plate 2, fig. 5, is hall w, having 
a pipe c, soldered therein, continued nearly to the 
top, on which, being thrust into a wire socket, it 
rests; the receiyer is filled by this pipe when in- 
verted: on the under side of the reservoir are seve- 
ral small holes, through which the water will flow 
on the admission of air. The bottom part, B, is 
hollow to receive the water flowing from these holes, 
which it does through a small hole made in the cor- 
ner of B, immediately under the orifice of the mid- 
dle pipe; the area of this hole is somewhat smaller 
an that of all the small holes taken together; when 
these therefore all run, they will yield more water 
than can be received in any given time. This will 
cause the water to rise in the bason, so as frequently 
to coyer the lower end of the middle pipe c; this 
prevents the entrance of the air, and takes off its 
pressure from the surface of the water in the reser- 
voir above, which prevents the descent of the fluid 
through the small tubes, till the water at bottom has 
run off, and leſt a free passage for the air. By ob- 
serving the time necessary to produce this, you may 
easily give the word of command, and say when it 
shall stop, and when go on; this machine has there- 
fore been called the fountain of commanc 
There are a number of small holes in this tin ves- 
sel; the mouth is not more than one-fourth of an 
inch in diameter. Plunge the vessel in water, and, 
when it is full, cork up the middle pipe c, and take 
it out of the water, so long as the vessel remains 
corked, no water will come out; but as soon as the 
air has access to the upper surface, which it will 
have on your taking out the cork, the water will 
issue from the small holes at bottom. 7 
I shall here explain a little instrument called the 
anti-guggler, plate 2, fg. 4, formerly much used fog 
decanting of liquors liable to sediment. FF 
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As you have seen the necessity of the air's upper 
cure, to promote the easy and uniform flux of 
Auids from close vessels, commonly called, givin 
them vent; you will not be surpriged, that in de- 
canting liquors where this upper pressure is wanting, 
there should happen a kind of struggle between the 
grosser fluid endeavouring by its greater gravity to 
issue forth, and the air endeavouring to prevent it b 
its re- pressure; hence such a convulsive motion is 
often produced in the body of the liquor as to render 
it foul. To prevent this inconvenience the anti- 
guggler was invented; it consists of a crooked tube 
of metal, so bent as to be easily introduced into the 
neck.of most bottles. | 
To use this instrument with success, the bottle 
containing the liquor to be decanted, is to be inclined 


a little to one side. Let a small quantity of liquor 


run off, half a spoonful perhaps; to answer this, an 
adequate quantity of air will enter through the neck 
with a kind of glub, and rise into the upper part of 
the bole; with your fore- finger on the ring, e, and 
your thumb held close to the neck of the pipe, A, 
introduce the machine into the neck of the bottle, 
thrusting it quite through the body of the liquor, till 
the end, B, reaches, or is very near the bubble of air 
before admitted; in doing this, the liquor cannot 
enter into the tube on account of the inclosed air, 
which is prevented from escaping by the thumb. 
Take off your thumb, and an immediate vent will 
be given to the bottle, and the liquor will flow out 
steadily and unconvulsed. | | 
Our next experiment will be with a syringe and a 
leaden weight, plate 1, fig. 9, at the bottom. The 
piston of this syringe is different from that of a com- 
mon one, as it has no hole through it, nor valve; it is 
called a solid piston. If, therefore, I place the pista 
at the bottom of ithe syringe, screw on the lead 
weight with a piece of leather to prevent any air gets 
R 2 | | 
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ting in, and then lift up the piston; it is evident that 
it leaves a vacuum below it:—let us see the conse- 
quence. I let go the piston, and it flies rapidly to 
the bottom on account of the air's pressure upon it, 
so that the piston and the lead weight are kept toge- 
ther by the pressure of the external air, I shall now 
suspend it under a receiver; upon exhausting the 
air, and lessening its force on the syringe, the weight 
of the lead will cause the syringe to descend from the 
piston, and that lower in proportion as the air is 
more exhausted; on letting in the air, it forces the 
syringe up again to the piston. | 
Every experiment you have seen has furnished in- 
struction, and though some may at first sight appear 
of but small importance, their value will be evident 
when you come to other branches of science. Here 
is a large piece of cork pending from one end of a 
balance beam, a small piece of lead is at the other 
end of the beam, plate 2, fig. 9, the lead rather pre- 
ponderates over the cork; let us place this apparatus 
under a receiver on the pump; when the air is ex- 
hausted, you will find the cork, which now seems the 
lightest, proves the heavier body, and preponderates 
the lead. I have only moved the winch twice, and 
you see that the cork and lead are in perfect equili- 
rium; as I exhaust the air, you see the cork pre- 
ponderate the lead as far as the beam will admit; you 
will hereafter see many experiments to prove, that 
bodies moving in a fluid meet with a resistance from 
it; and that in proportion as their bulk is larger than 
an equal bulk of the fluid. The air is a fluid, and 
the cork of equal weight with the lead, being many 
times larger in bulk, will meet with so much more 
resistance from the air; this resistance will oppose a 
descent of the cork more than it does that of the lead, 
and will consequently diminish more of its weight. 
Hence when e-weights are equal in air, it must 
Now, that when it is taken away, the larger bulk of 
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Be. eork which was before resisted, will prove the 


heavier body, as you have seen in the present in- 
stance. Hence a pound of feathers may be said, 
when under the exhausted receiver, to be heavier 
than a pound of lead. 

A pair of common bellows is a philoboptitcal in- 
strument. I have stopped the vents or . . e 
of this, and you will now find it very difficult to 
open the bellows; this difficulty arises from the 
weight of air on the boards, which will be removed 
as soon as I unstop the vents, and let the air get in. 
When the upper art of the bellows is lifted up, the 
body of air is lifted up from the lower part, and 
the air rushes in at the dent at bottom to fill up the 
2 between the two boards. When I depress the 

board, the air presses against it, and shuts the 
va at the vent, and not being able to escape that 
way, is forced with rapidity through the narrow hole 
of the pipe, and being directed to the fire makes it 
burn briskly. 

By the pressure of the air, the tion; as it is 
called, of animals is explained. When a child sucks 
at the breast, it performs by a natural and easy me- 
chanism, what we perform by our machines in an 
awkward and laborious manner. When the mouth 
is applied to the breast, the child draws in its breath, 
then stops the entrance into the mouth by the 
nostril, and squeezes the nipple between his lips; 
the entrance of the air being excluded, and a va- 
cuum made, the pressure of the air upon the mo- 
ther's breast will force the milk into the mouth, as 
long as the child continues to carry it off, and pre- 
serves by its tongue the vacuum.“ 

Sucking and swallowing are very complex opera- 
tions. Anatomists describe about thirty pair of 
muscles that must be employed at * draught: 
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of those muscles every one must be served by its 
proper nerve, and can make no exertion but by 
some influence communicated by the nerve. The 
exertion of all those muscles and nerves is not simul- 
taneous, they must succeed each other in a certain 
order; and their order is no less necessary than the 
exertion itself. This regular train of operations is 
carried on according to the nicest rules of art, by 
the infant who has neither art, nor science, nor 
experience, nor habit. 9 7 9 | 
Thaw now shewn you with what powers of 
resistance the air is endowed, its comparative 
weight with that of other bodies, and the amazin 

force of this weight : this knowledge has enabl 

us to explain several of the common phenomena. 
which are continually occurring to us. The fur- 
ther you advance, the more you will comprehend, 
till at last, wherever you go, you will meet with ob- 
jects of information. Arts, manufactures, com- 
merce, laws, civil government, the order and 
happiness of society, are the result of knowledge 
and science, and participate in their improvement, 


and together with them make advances towards 


perfection, or sink into barbarian darkness. Though 
young in years, you are put in possession of facts, of 


which the sages of antiquity were ignorant. The 


philosophers of the early ages, like the © children 
of the world,” were amused and satisfied with the 
obscurity of hypothesis, and the illusions of conjec- 
ture; but the world rising in years and in wisdom, 
rejects such methods of philosophising, and confiding 
in facts alone, is enabled to interpret the operations 
in nature, and draw aside her veil.“ Indeed the 
Almighty teaches and instructs us in the invisible 
things of himself, no otherwise than through the 


medium of the things that are made; and therefore 


* Sir J. Pringle's Discourses. . 
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he first gave us the knowledge of the natural world, 
that through it we might attain to that of the spi- 
ritual. The foot of the ladder was let down to earth, 
that we thereon might ascend to heaven.“ 
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LECTURE m. 


ON THE NATURE AND PROPERTIES OP AIR, 
CONTINUED. A 


Ir is of the utmost importance to your real ad- 
vancement in science, to avoid every source of 
error, or whatever may lead you to form an erro- 
neous judgment. Now a true judgment can onl 

be L= a profound view of nature, and 4 
strict examination into the mutual connections and 
dependences of things; you will hence see the ne- 
eessity of striet and accurate examination, of time 
to acquire the requisite knowledge, and of atten- 
tion to comprehend it: for, among the various 
sources of error, we may reckon the precipitation 
of our judgment, and a presumptuous ignorance as 
the 3 From ä 1 2 fruitful 
spring, arise obstinacy in error, and resistance to 
truth. A presumptuous and untractable disposition 
is not fitted to receive instruction: it is a stubborn 
and stony soil on which the seed sown is entire] 

lost, never produeing fruit. Presumption an 

prejudice are two of the great sources of human 
infelicity, and yet we are too apt to indulge both 
in all the objects of our will and judgment, the 
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consequences of which are our frequent miscar- 
riages in the pursuit both of happiness and know- 
ledge. | | | 


Mankind are always ready to adopt or reject 
what accords with pre-conceived opinions, to make 
reason subservient to prejudice, and to reject with- 
out examination, whatever is discordant with a 
received system; thus closing the door of science, 
and excluding themselves from the benefit of light. 
We are told of a Florentine philosopher, whose pre- 
judices had taken so deep root, that he could never 
be persuaded to look through one of Galileo's te- 
lescopes, lest he should see something in the hea- 
vens that might disturb his belief of the Aristotelian 
philosophy. 

The principal and surest step towards the pos- 
session of the good we seek, is our love of, and 
affection for the object; this quickens industry, and 
sharpens attention; so that the love of truth is the 
best means of succeeding in the search of it. There 
is hardly any one who suspects he wants this love, 
and yet how few are there whom their confidence 
does not deceive, We mistake the love of our 
opinions for the love of truth, because we sup 
our own opinions to be true; and yet, for the most 
part, they have been received upon credit, and are 
consequently more likely to be false. The love of 
our opinions is in this case the love of error, and the 
affections being misplaced are a greater impediment 
in the pursuit of truth, than if we had no affections 
at all concerning it. . 

You should, therefore, set out in the search of 
truth as of a stranger, not in search of arguments 
to support your own opinions, and endeavour to 
maintain your mind in a state of equilibrium, an 
indifference for every thing but known and well 
attested truth, totally regardless of the place from 
whence it comes, or that to which it tends ; being 


or THE BAROMETER. 73 


fully persuaded that truth, no more than its author, 
can sink to the level of our ignorance; but that by 
a proper cultivation of our reason we may rise to 
truth, may reach its sublimest height, its residence 
near the footstool of the Almi ghty.* 


OF THE BAROMETER OR TORRICELLIAN VACUUM. 


An account of the origin of the barometer will 
be a strong confirmation of the truth of these posi- 
tions ; 2 ry is so connected with that of sound 
philosophy, Wo tf the one naturally recalls the other 
to the mind, The Torricellian experiment on which 
it is founded, like a river small in its origin, but 
large in its progress, has been the happy means 
of spreading A through nations who are even 

t ignorant of its name, and been productive of 

nefits to those who are unacquainted with its 
principles. 

Till the last century, mankind, though loaded 
and compressed by the weight of the atmosphere, 
refused to acknowledge its action. In vain all na- 
turg deposed, that the air was heavy and elastic, 
they shut their eyes to its testimony, Water was 
raised in pumps, and ran through syphons in for- 
mer times as at present. The sides of a pair of 
bellows, whose apertures are closed, were then as 
now, separated with difficulty, children sucked, the 
air entered rapidly into the lungs at each inspira- 
tion, cupping glasses were used to raise the flesh; 
yet, notwithstanding these manifest proofs of the 
weight of the air, ancient philosophers, maintained, 
that it had no weight, exerted no pressure; and ex- 
plained all these phenomena by a horror which they 
supposed nature to have for a vacuum, contenting 
themselves with thinking after Aristotle, that nature 


* Warburton, vol. v, ser. 1, 
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hated a void, and therefore made all possible haste 
to fill it, when the art of man had made one. 
This is not the only instance that will occur in your 
researches after truth, in which you will find words 
alone, separated from the ideas annexed to them, 
and from all explication of the operation which they 
effect, have been imagined sufficient to account for 
physical phenomena, though they leave us as des- 
morn of all information.as we were before 0 used 

You will be more surprized that mankind should 
dontinue in error, after they had perceived and 
acknowledged that this horror had its limits. It 
was not, however, till the 17th century, that they 
began to try what were the boundaries of this horror. 

Some plumbers belonging to the Duke of Flo- 
rence, wanting to raise water fifty or sixty feet high, 
endeavoured to effect it by what is called a common 
sucking pump; notwithstanding they used all pos- 
$ible care in the construction, they could not raise 
water higher than thirty-two feet. Tired out with 
repeated trials, they applied to Galileo, one of the 
fathers of modern philosophy, for a solution of their 
difficulties : for if the water rose on account of na- 
ture's horror for a vacuum, it would follow that 
water might be raised to any altitude; for why 
should nature have a greater aversion to one height, 
than to another? It was therefore confidently as- 
serted by some who had embraced this opinion, that 
it might be raised ad libitum. Galileo, who had 
hitherto contented himself with the common notion 
of nature's abhorrence of a vacuum, now acknow- 
ledged that this horror had its limits, and with this 
he contented himself. Galileo had found that the 
mr had weight, but the discovery of its pressure was 
reserved for Torricellius, | 

When we consider the abilities of Galileo, and 
reflect on his various diseoveries, as of the iĩsochro- 
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nical vibrations of the pendulum, the laws of falling 
bodies, &c. we are surprized that he should tail in 
one apparently more evident, and whose boundaries 
he so nearly approached. How great must be the 
force of prejudice, which could have such influence 
on a mind like that of Galileo 

But mankind had now, for more than a thousand 
years, looked up to Aristotle as an oracle in philo- 
sophy. His authority was the test of truth; it was 
a philosophy, says Lord Bacon, fruitful of words, but 
barren of works; admirably contrived to draw a 
veil over ignorance, and put a stop to the 

of knowledge, by filling men with a conceit that 
they knew eve — a philosophy, that instead 
of accounting for any of the phenomena of nature, 
contrived to give learned names to their unknown 
causes, and fed them with husks of barbarous 
instead of the fruits of real knowledge.“ At length 
men grew wiser by the folly of those that went before 
them, and a different method of studying nature 
was invented and pursued; in which fancy was ex- 
cluded, and fact only allowed for a solid ground of 
physical progression. 

The discovery of the bene by Torvicelus in 
1643, was one of the first effects of these researches. 
He formed the first rough model of a barometer in 
a pipe, or tube of sixty feet, and afterwards of forty 
in length; which being immerged and suspended in 
a vessel of water, and the air extracted by a syringe, 
the water was always found to rise and continue 
suspended at the height of thirty-two or thirty-three 
feet, with some small variation, but could by no 
art be drawn, or kept up to the height of amen 
or forty feet. 

But this instrument being of an anmanageable 
length and size, Torricellius considered that the 
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quicksilver endeavours to descend by its gravity, 
with a force equal to that by which its descent 
is prevented; and comparing the specific gravities 
of the two fluids, and filling a tube of glass with 
quicksilver instead of water, he found the effect 
equally and surprizingly to answer, and by the ad- 
vantage of so weighty a fluid, he reduced the baro- 
meter in its length from forty feet to thirty-two 
inches ; the water being raised as much _ as it 
was lighter than the mercury. Hence Terricellius 
concluded, that they were both supported by the 
same counter-weight, and that this counterpoize 
was the air; and you will see by other experiments, 
that when this counterpoize, or the external pres- 
sure of the air, is removed, the mercury falls into 
the bason. wy 
To fill a barometer tube. I take a clean warm 
glass tube about thirty-three inches long, and pour 
quicksilver into it by means of a small paper funnel; 
you observe, that as the quieksilver rises in the tube, 
there are bubbles of air left behind in several parts; 
I continue pouring the quicksilver till it fills the 
tube within about Pal an inch of the top. I then 
apply my finger hard and close upon the top of the 
tube, and invert it; by which means the air that 
was on the top, now rising through all the quick- 
silver, gathers every bubble in its way. I revert the 
or turn it up again, and the bubble of air re- 
ascends, and, if there are any small bubbles left, 
carries them away; if however any remain, the 
operation must be repeated. I now fill the tube to 
the top, and placing my finger on the open end of 
the tube, plunge that end into this bason of quick- 
silver; when the end of the tube is perfectly sub- 
merged in the quicksilver, I take my finger away, 
and you see the quicksilver remains suspended in 
the tube, leaving a vacuum at top. The column of 
quicksilver is about thirty inches in height, now you 
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will observe that there can be no air in the space be- 
tween the quicksilver and the top of the tube; for, 
till the finger that closed the orifice in the bason was 
taken away, that space was filled with quicksilver, 
and the quicksilver which was thirty-three inches 
high, sunk in the tube, and left that space free from 
air; for no air could get into the tube, unless it 
could force its way through the quicksilver in the 
bason and the thirty inches in the tube, or penetrate 
through the sealed end of the tube: but, as neither 
of those can be done, it follows, that in the part of 
the tube which the quicksilver leaves, there must be 
2 vacuum. | 1 * 
This experiment was soon communicated to the 
literati of Europe, who, led hy the bright example 
of Galileo and Bacon, were then just emerging from 
the darkness of the schools, and in quest of new 
discoveries. Among others, it had the happiness of 
engaging the attention of the deservedly celebrated 
Pascal, a man who was as remarkable for unfeigned 
piety, as for extent of genius. He soon rendered 
evident, what had as yet been considered only as 

obable. His experiments are too numerous to be 
inserted here; there is one, however, which must be 
noticed, not only because it is a satisfactory proof 
that the pressure of the air supports the mercurial 
column in the barometer, but also because it pointed 
out a very important use of this instrument, namely, 
that of measuring the heights of mountains. As 
there is always something to be gained by hearing 
Pascal speak ſor himself, I shall read to you a letter 
he wrote in 1647, to M. Perrier, his brother-in-law. 
* I have thought,“ says he, © of an experiment, 
which, if it can be. executed with accuracy, will 
alone be sufficient to elucidate this subject. It is to 
repeat the Torricellian experiment several times in 
the same day, with the same tube and the same mer- 
cury, sometimes at the foot, sometimes at the sum- 
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mit of a mountain 5 or 600 fathoms in height. By 
these means we shall ascertain whether the mercury 
in the tube will be at the same or a different heiglit 
at ench of these stations. You perceive, without 
doubt, that this experiment is decisive: for, if the 
column of mercury be lower at the top of the hill 
than at the base, as I think it will, it clearly follows 
that the pressure of the air is the sole cause of the 
suspension of the mercury in the tube, and not the 
horror of a vacuum, as it is evident there is a longer 
column of air at the bottom of the hill than at tho 
top: but it would be absurd to suppose that nature 
abhors a vacuum more at the base than at the summit 
of: a bill. For, if the suspension of the mereury in 
the tube be owing tothe pressure of the air,” it is 
plain it must be equal to a column of air, whose dia- 
meter is the same with that of the mercurial column, 
and whose height is equal to that of the atmosphere, 
from the surface of the mercury in the bason, N wer 
the base remaining the same, it is evident the pres- 
sure will be in proportion to the height of the co- 
lumn, and that the higher the column of the air is, 
the longer will be the. column of mercury that will 
be — M. Perrier tried this experiment on 
the Pui de Dome, in the manner prescribed by 
M. Pascal, whose conjectures it verified; 
for the mercury in the barometer fell in proportion 
as M. Perrier ascended the mountain. | 
Other proofs of the same truth are pleasingly ob- 

tained from the air-pump: for, by this instrument we 
can shew what will happen, when the pressure of the 
air is removed from the barometer, For this purpose 
J place this barometer on the plate of the pump, 
putting a long receiver over it, plate 3, fig. 11. 1 

egin working the pump, and you see the mercury 
immediate] as Sana and that it continues descend- 
ing in the tube, and going into the jar, all the while 
L am exhausting the air; when there is no air left, 
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there is no mercury suspended. A column of thirty 
inches was suspended whilst the air pressed freely on 
the mercury; but this height decreased as the pres- 
sure grew less, and none is supported when that 
pressure is removed. The pressure of the air being 
the power by which the mercury is sustained in the 
barometer, it is a consequence that on the removal 
of the air from the mercury's surface, the mercury in 
the tube must descend. It is plain, that it is the 
weight of the air that supports the mercurial column. 
This conclusion is confirmed by the re-admission of 
the air into the receiver; for, on my doing this, you 
sce that the mercury, which had before fallen out, 
is now pressed into the tube, and rises therein till it 
stands again at its former height. A barometer in- 
claded in the receiver of an air- pump, is of great use 
in ascertaining the pressure of the air remaining in 
it aſter having been partly exhausted; for this pres- 
dure will always be to the pressure of the atmosphere 
on a given surface, as the height of the mercury in 
the tube is to the standard altitude. The barometer, 
when applied to this use, is called a gage. There 
is another kind of gage, P, plate 1, fig. 2, consist- 
ing of a short tube hermetically sealed at one end, 
filled with quicksilver, and inverted with the open 
end into a small jar of quicksilver, and placed on a 
small plate communicating with the receiver. Now, 
as the barometer shews the degree of exhaustion by 
its rising, so this gage shews how far the air is ex- 
hausted by the descent of the quicksilver: for, as the 
ar is drawn out of the receiver, it is at the same time 
drawn out of the glass placed over the gage, and 
consequently its pressure on the quicksilver in the 
bason being constantly diminished, it will at lengttr 
become less than the weight of the mercury in the 
tube, at which time the mercury will begin to sub- 
side, and, as the air is farther exhausted, will sink 
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lower, till at last it will stand but a very small height 
above the surface of that in the jar. 
I shall give you one proof more by an experiment 
of so simple a nature, that you may easily repeat it; 
no apparatus is required, but a glass tube open at 
both ends; with this, some mercury, and a piece of 
bladder, you may readily prove to any of your com- 
panions the principles on which so heavy a fluid as 
mercury remains suspended in the barometer. Here 
is a tube of glass about thirty-three inches long, 
open at both ends; I shall close one of the ends 
with this piece of wet bladder, tying it fast thereon. 
I now fill the tube as I did the barometer, put my 
finger on the open end, and immerge the end co- 
vered by my finger in this vessel of mercury with- 
out letting in any air; I take away my finger, and 
perceive. that a part of the mercury precipitates 
itself into the bason, and the rest remains suspended, 
as in our former experiments. You observe also 
that the bladder is forced into the tube, being con- 
vex on the side next the — I shall now 
make a hole in the bladder with a fine. needle; you 
sce with what velocity the mercury is precipitated 
into the bason; the column of air that entered at 
the top, being equal to that by which the mercury 
was suspended, the mercury descends by its own 
weight. n e > 44 
+ Though these experiments render this subject so 
plain and evident, yet, on its first discovery, it had 
to struggle with the prejudices of those who had 
been accustomed to think only in a certain systema- 
tic way, and who could not be prevailed on to aban- 
don their favourite opinions. The various subter- 
fuges employed at this period, and their confutations, 
may be seen in the works of Pascal, Boyle, and 
Power. By degrees, however, the experiment you 
have scen softened ancient prejudices, the prepos- 
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Yessions in favour of an absurd system vanished, and 
the weak opinion by which the multitude is go- 
verned, began to lose its influence. 

You have seen the pressure of the air downwards; 
I shall now shew you the action of this pressure in 
different directions, for, like other fluids, it presses 
equally every way. I have here a tube for the 
Torricellian experiment with a lateral opening co- 
vered by a bladder; I fill and m— it, as in the 
preceding cases, and see the mercury remains 
— as before; a the bladder, and the 
air which enters by this aperture, divides the co- 
lumn of mercury into two parts, forcing one down- 
wards into the bason, and carrying the other upwards 
with great violence against the top of the tube; 
thus shewing you the action of the air in two dif- 
ferent directions. | 

Here is a barometer properly filled, and- im- 
mersed in a bason of mercury; the bason is so deep, 
that you may lift the tube up a good way, without 
raising the lower orifice above the surface of the 
mercury; you will find, that on lifting the tube 
you raise a weight equal to that of the column of 
mercury sustained in it. That this is not the 
weight of the mercury is evident from this con- 
sideration, that in lifting the tube you do not raise 
the mercury, the tube rises by itself, and slips over 
the column of mercury contained in it; the top 
of this column being no further from the surface 
of the stagnant mercury, after you have lifted up 
the tube, than it was before. Neither indeed ought 
the weight of the mercury in the tube to be felt; 
for the pressure of the atmosphere upwards supports 
that weight. But as the pressure upwards is thus 
counterpoized by the mercury in the tube, there 1s 
nothing to support and counteract the weight of the 
c olumn of air which presses downwards upon the top 
of the tube. This pressure will therefore be felt 
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in lifting the tube, and as it is equal to the weight of 
thirty inches of mercury, lifting this pressure is, as 


to sense, just the same as lifting the weight of mer- 
eury in the tube. 


From these experiments it is evident, that the 


surface of the globe on which we live sustains an 


ocean of air, that is circumfused about it to a con- 
siderable height. The inhabitants on its surface 
resemble therefore the fishes at the bottom of the 
ocean; like them we are surrounded by a fluid that 
rises far above our heads. 

A square column of quicksilver twenty-nine 
inches and a half high, and one inch in diameter, is 
estimated to weigh fifteen pounds. Such then at a 
medium, is the pressure of the air on every square 
inch of the earth's surface; and as a square foot 
contains 144 square inches, the pressure must be 
144 times as much, or 2160 pounds on every square 
foot ; so that a middle-sized: man, whose surface may 
be estimated at fourteen square feet, sustains a * 
sure of 30,240 pounds. 

The following is a computation of the night 
of all the air which presses upon the whole surface 
of the carth. Tf this weight were to be ex 


by the number of pounds it contains, that number 


would be so large as to be in a manner mcompre- 
hensible. We shall — make use of another 
mode of cxpressing it, by determining the diameter 
of a sphere of lead of the same wei ght with all the 
air which presses upon the whole — of the 
curth. That diameter is found to be nearly sixty 
miles long.“ Great as the pressure is, the removal 
thereof would prove a cause of immediate death. 
We even as it were enjoy the load, and * it is as 
wings to our feet, and sinews to our limbs.” Sounds 


travel through it with great my n and 
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emanations of all kinds find no difficulty in moving 
it forward, and pressing it aside. 

Though our bodies support a weight of nearl 
two tons, you need not wonder at the freedom with 
which you traverse the atmosphere, since you see 
fishes move with as great ease in a much more dense 
and more weighty element. You are not sensible 
of this enormous weight, because you have been 
accustomed to it, and supported it from your ear- 
liest infancy. Sensations to which we have been 
always and at all times accustomed, are seldom 
felt; we can perceive no differences where we can 
have no standard to judge of variation. Divine 
Providence has also counteracted this pressure b 
the spring of the air, which is diffused th 
the whole body. We therefore do not feel the 
weight of the incumbent atmosphere; first, because 
it is counteracted, and secondly, because it has al- 
ways acted upon us, and we cannot remove from its 
Pressure. | | 


OF THE ELASTICITY, OR SPRING OF THE AIR. 


Air is elastic and compressible. It is compres- 
sible, for the parts may be brought closer together, 
and made to occupy a smaller space; but when that 
force is removed, it expands or springs out again, 80 
as to occupy the same space it did before it wag 
compressed. This property discriminates air from 
many other fluids; thus a quantity of water, mer- 
cury, &c. of any given magnitude, can never be 
reduced in its dimensions so as to occupy a smaller 
portion of space; whereas air will by compression 
suffer a very great diminution of its bulk. In 
other words, the air consists of, or at least abounds 
with, parts of such a nature, that in case they be 
compressed, and thereby reduced into lesser dimen» 
sons, either by the weight of the incumbent at- 
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mosphere, or by any other force, they endeavour 
as much as in them hes to free themselves from that 
pressure, and regain their former dimensions by 
ring against the contiguous bodies that keep 
them in. This propensity may be illustrated by a 
comparison. Here is a handful of wool which I 
press close together, and reduce into a small com- 
ass; I open my hand, and it recovers its former 
bulk from the natural spring of the fibres. The 
air is always compressed by its own weight, and the 
expansion of the contiguous air: consequently, the 
air in a valley is more compressed than that on the 
top of a mountain. It may therefore be compared 
to many fleeces of wool laid one upon the other; it is 
evident, that as the lower strata support the weight 
of the superior ones, they will be more loaded than 
the upper ones, and will consequently be flattened, 
and have less bulk with the same mass, and there- 
fore be more dense or compact. The density of 
the next upwards will be less, because it will support 
less weight, and so of the remainder. It is thus also 
with air. 9 
To shew you that the air is elastic, I have no 
occasion for any instrument, as it wilt be suffi- 
ciently proved by your only pressing this bladder 
between your hands. You find, that the force you 


. . exert reduces the air contained in the bladder into 


a less space, but that as soon as you cease to press, 
it immediately expands, and fills the same space as 
before. You may even perceive, while you com- 
Press it, a very great endeavour to free itself from the 
violence you offer to it. i 

The elasticity of the air, the second great source 
of the effects of this important fluid, was first as- 
certained by some experiments of Lord Bacon, the 
friend and father of modern philosophy, who upon 
this principle constructed his first thermometer, 
which he called his vitrum calendare. 
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In consequence of this elastic principle, the 
air always endeavours to expand itself, and oc- ' 
cupy more space. Here is a bladder containin 
only a ene of air, the neck is tied close 
to prevent the air from escaping; so long as this 
bladder is exposed to the common pressure of the 
atmosphere, it will remain in the same state, the 
external and internal air being of the same den- 
sity; but when I put it under this receiver, and 
begin to rarefy the external air by working the 
pump, the side of the bladder, which before was 
flabby and lax, stretches itself out and becomes tight, 
being raised up by the elastic power of the air 
within it, plate 1, fig. 10. When I let in the ex- 
ternal air, the bladder returns to its former shape,. 
the, external air pressing down the bladder, till the 
internal air is reduced to a density capable of coun- 
teracting and supporting the whole weight of the 
atmosphere. 2 | n 
Though only a small quantity of air was con- 
tained in the bladder designed for the preceding: |. 
experiment, yet the small quantity is capable of 
raising a considerable weight. I put it in this box, 
cover it with these leaden weights, weighing near 
sixteen pounds, place them on the plate of the 
pump with a receiver over it, plate 2, fig. 6. In 
proportion as IJ exhaust the air, the bladder swells, 
raising the incumbent weight; on the re- admission 
of the air, the weights subside to their former situa- 
tion. As you have seen so small a quantity of air 
lift so considerable a weight, you will be less sur- 
prized when I inform you, that by blowing into a 
bladder very large weights may be raised. S7zurmus 
connected several bladders with a pipe in such a 
manner, that there was a free communication from 
the pipe to all the bladders; he then placed a mill- 
stone on the bladders, and was able to raise it sensibly 


by blowing strongly with the mouth into the pipe. 
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Here is a thin square bottle with flat sides, there 
is a cork in the neck, and the cork is covered over 
with a cement to prevent the air within the glass 
from escaping; I shall place it under a receiver, 
putting this wire cage previously over it, plate 3, 
Fig. 2. I work the pump, and as soon as the air is 
sufficiently rarefied, the spring of the air within will 

dilate with so much force as to break the bottle. 
This experiment has given rise to a problem, in 
which the form of a Rial is required capable of so 
resisting the force of the included air, as not to 
break when the external pressure was taken off. 
This form was determined to be a sphere, in which, 
with the same mass, you have the greatest bulk 
under the least surface; consequently, a bottle of 
this form will be the strongest that can be made out 
of the same mass or quantity of materials. 
I place this shrivelled apple under a receiver, 
and exhaust the air therefrom; the skin swells as 
soon as I begin to work the pump, the wrinkles 
fill up, and the apple now ap as one fresh ga- 
thered. I let in the air, and it returns to its wi- 
thered state. | 
In the doubling of the film at the large end 
of an egg, there is inclosed a small quantity of 
air; this air being dilated by the warmth of the 
hen, presses on the contents of the egg, and con- 
tributes to the formation and uction of the 
chicken, This included air will afford ns a very 
pleasing experiment, illustrative of its expansive 
force, Let us break off about one third part of 
the shell at the small end of the egg, invert it, 
throw away the contents, then place it under a re- 
ceiver, and exhaust the air therefrom, You see 
that the air which is between the shell and the skin 
dilates, and swells the skin so much beyond the 
broken part, that the egg appears as if it were 
whole, You may vary this experiment by making a 


SHEWN BY A GLASS BULB WITH WATER. 87 


little hole at the small end of an egg, then place 
it in this apparatus with the small end downwards, 
and put the whole under a receiver with a small 
jar to receive the contents of the egg. On working 
the pump, the air within will dilate, so as to force 
the white and yolk out through the hole in the egg. 
If the jar be conical, and the egg be let down 
gradually, the white and yolk will be forced up 
again on the re-admission of the air; or if these be 
thrown away, ahd water be substituted in their place, 
the inside of the egg may be washed, and afterwards 
in the same manner filled with eream or any other 
fluid. 5 | 

The next experiment will shew you how na- 
tarally the air will force itself out, by its spring, 
from any vessel in which it is contained, when the 
pressure of the external air is taken away. This 

ial with a long neck is commonly called a bolt- 
head. I put the neck into a jar or tumbler of water, 
and both under the receiver of a pump, plate 1, 
Fe. 18. By diminishing the mass of air within the 
receiver, I weaken proportionably the spring thereof, 
and consequently its pressure upon the air within 
the bolt-head; this, discharged of a part of its 
weight, dilates and escapes from the bottle in the 
form of bubbles, which being lighter than water 
ascend through it, and burst upon its surface: this 
will last till the power of expansion is too weak to 
overcome the incumbent pressure. Let us now see 
what will be the consequence of re- admitting the 
air into the pump, the external air being more 
dense than that in the bottle, and yielding to this 
excess of pressure, the water will enter the orifice, 
and, meeting with little or no resistance, will mount 
therein till the remaining mass of air is reduced to 
the same density with the external air. The little 
bubble at the top of the bolt-head, is what remained 
after the exhaustion, and is now condensed into 8 
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small space. You see how small a quantity of air 
remains when compared to the 8 at first con- 
tained in the globe, or to the bulk of water now in 
it, which is equal to the quantity of air extracted. 

You may perceive by this experiment, that the 
spring of the air is equal to its weight, as it pro- 
duces an equal effect; for while the spring of the 
air was less than the weight of the external air, the 
water kept rising in the globe; but when the spring 
became equal to the external pressure, the water 
was subject to both their influence, and being acted 
on on either side, could no longer move. 

Now let us again exhaust the air from the re- 
ceiver; I have no sooner moved the handle than 
the water begins to descend, the bubble of air ex- 

ands, and forces the water gradually out of the 

It-head or globe. 3 

By this time you may see, that unless the air 
were elastic, it could not be exhausted out of a close 
vessel. If the vessel was filled with water, and 
there was no orifice but where the pump was 
screwed on, though a vacuum be made by drawing 
up the piston, yet no water would rise out of the 
vessel into that vacuum; for the water is raised into 
a vacuum by the pressure of the atmosphere upon 
the other parts of the surface. But as the vessel is 
close, the external air cannot press upon its surface, 
and no water will rise into the vacuum, and none 
can be pumped out unless it first rises in the barrel. 
But if the vessel be filled with an elastic fluid, it 
does not want an external pressure to raise it, but 
will expand itself by its own elasticity, so that the 
same air, which first filled the vessel, will, after 
it is thus expanded, fill both the vessel and the 
space in the barrel. And whatever part of the air 
rises into the barrel of the pump upon the draw- 
ing up of the piston, will be carricd off by its next 
return. | | 
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Fountains may be made to play on various plans. 
I have already shewn you one by the pressure of the 
air; our next experiment will be on one set in 
action by the spring of the air. This bottle is 
about two-thirds filled with water, the upper part 
is occupied by the air, the top of the glass tube is 
furnished with a screw and jet, the glass tube passes 
through the neck of the bottle, and reaches nearly 
the bottom, and is fixed there by the screw on the 
upper part, which screws into the top of the bottle 
80 as to render it air-tight, plate 2, fg. 8. Place 
this on the pump under a receiver, and after a few 
strokes which have lessened the external pressure, 
Fou will give the air within an opportunity to ex- 
pand, and thereby to force the water out through 
the glass tube with so much force, as fo form a 
pleasing jet d'eau; it is called the fountain in 
vacuo. 
_ Here is a small brass apparatus, called a Bacchus, 
plate 2, fig. 2, seated on a cask, with a tube pro- 
ceeding from his mouth to the barrel; this is filled 
with red wine or coloured water, so that on being 
ut under a receiver when the air is exhausted, the 
e is thrown up into his mouth by the expansion 
of confined air, and the rosy god scems to be at his 
usual employment; while he is drinking his belly ex- 
pands, which is effected by a bladder, containing a 
small quantity of air, concealed under his shirt. 
The elasticity or spring of the air produces the 
same effects that the pressure produces, because the 
spring is equal to the compressing force, which in 
ordinary cases is equivalent to the pressure of the 
air. This barometer tube is open at both ends, I 
shall screw the brass collar of the tube into the neck 
of this bottle; you see that the lower end of the tube 
is beneath the surface of the quicksilver in the bottle, 
and that the air above the quicksilver cannot possibly 
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escape, for it cannot get through the quicksilver into 
the tube, nor pass through the joinings at the top of 
the phial, which are made air-tight; I place this 
apparatus on the pump, putting the receivers D 
and E over it, plate 2, fig. 11; at present the mer- 
cury is in a state of tranquility, as nothing acts 
upon it to occasion an alteration in its situation. 

T exhaust the air from the receiver and tube, and 
you see that the spring of the air contained in the 

ttle presses upon the mercury, and will force it up 
nearly as high as it was raised by the pressure of the 
air in the former experiments for, as soon as the 
counter-weight was taken off by exhaustion, the 
r e 

Before you is a jar filled with water, in which are 
a few hollow glass images, with a glass ball over their 
heads; this ball contains at present just- 80 much 
water as to render the images specifically heavier 
than water. I shall place them on the pump, under 
a receiver, plate 2, fig. 13, and exhaust the air, and 
you see that, in proportion as this is rarefied, the 
images rise, the air included in the ball dilates, and 
forces out a part of the water, and the figure and its 
balloon, now becoming lighter than the water, as- 
cends; on letting in the air, the whole becomes 
specifically heavier again, and descends to the bot- 
tom. The images are frequently made without the 
balloon, and the water forced into them through 
small apertures made in their feet. ; 

In the foregoing experiment it was evident, that 
the specific weight of the bodies was diminished by 
the expansion of the air: as this fact explains some 
common phenomena, and is applicable to a variety 
of circumstances, I shall endeavour to render it more 
familiar to your minds by one or two experiments. 
This bladder, containing only a small quantity of 
air, has a piece of lead affixed to it, . sufficient 


TE ELASTTETTT by THE Au. 91 


weight to sink the whole in the water. I put it in 
this jar of water, and place them on the pump under 
d receiver; I exhaust the air, the bladder expands, 
becomes a balloon lighter than the fluid in which it 
floats, and ascends, carrying the weight with it. 
This experiment will ndl call to your minds 
the air balloon, which you have seen or heard of: 
you saw one in the present instance ascend in water, 
as soon as its bulk was rendered lighter than the 
same bulk of water; in the other case, the air-bal- 
loons are rendered lighter than the air in which 
they float, and consequently ascend till an equili- 
brium take place. But these will make the subject 
of a future lecture. Webb 

I have affixed just such a weight of lead to this 

iece of cork as will make it sink in water. I put it 
into the jar of water, and place the whole under a 
receiver on the pump, and exhaust the air therefrom; 
you see the air disengaging itself from the cork, 
rising up in the form of little bubbles, which burst 
on the surface of the water; but a part of the air 
cannot escape, the cork therefore increases in bulk, 
becomes specifically lighter than the water, and 
ascends therein; on re- admitting the air, it shrinks 
to its former bulk, and deseends to the bottom of the 
ar. | | 
” Timber dug out of bogs, and other moist places, 
will seldom float in water, the particles of water 
having through time and other causes dislodged the 
air from the vacuities of the wood; hence also it 
appears, that even wood is no otherwise compara- 
tively lighter than water, than from the quantity of 
pores therein filled with air. On the same principle 
we account for the following appearances. If a man 
or any animal fall into the water, and be drowned, 
the carcase in a few days rises and floats on the sur- 
face. The privation of life, the stagnation of the. 
fluids, &c. is soon followed by a putrid fermentation 
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destroying and decomposing the body. This fer- 
mentation disengages a great quantity of air, that is 
disseminated among the fluid molecules, and as this 
air cannot escape, the body swells till it becomes 
specifically lighter than the water, and rises to its 
surface, and swims thereon. The putrefaction going 
on, the * give way, the air escapes, and the body 
sinks. Tt often however happens, that in the pro- 
gress of dissolution, fresh air is generated, and the 
body rises and sinks Aernately, ae to these 
changes. 

The pressure of the air is the first great source of 
its effects; its elasticity is the second; by this, when 
it has insinuated itself into the pores of bodies, it 
keeps their particles in continual oscillation; for the 
degree of heat, the gravity and density of the air, 
and consequently its expansion and elasticity, never 
remaining the same ſor the least moment of time, 
there must be an incessant contraction and dilata- 
tion in all bodies. 

This reciprocation may be observed in several 
instances, particularly in plants; for the contained 
air alternately eee e and contracting, according 
to the increase or diminution of heat, alternately 
presses the vessels and eases them again, thus keep - 
ing up a perpetual motion in their juices. 

From the same cause, the air contained in the 
bubbles of ice, by its continual action, bursts the 
ice; and for the same reason it acts as a prineipal 
cause in the phepomhens of fermentation and putre- 
faction. 

In a clear s8un-shiny day, ou may often perceive 
all the objects of nature as if trembling before your 
eyes; this 1s usually ascribed to the rising of vapours; 
but a little observation will soon prove to you, that 
it is owing to the alternate expansion and contrac- 
tion of the air. 
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Air seems to act on the smooth surface of the 
leaves, or the bark of the stem of plants. If there 
de not a continual supply of fresh air, the stem runs 
out to a great length, is exceedingly small arid weak, 
the leaves endeavour to spread out to a great dis- 
tance, no impregnation takes place in the flowers, 
the proper juices are not formed, and the whole 
plant is destroyed. 

Many conjectures have been offered, and hypo- 
theses ed, to account for the elasticity of the air. 
Some have compared the air to watch-springs or 
hoops, which, coiled up by pressure, restore them- 
selves again as soon as the pressure is removed: 
others have resembled it to flocks of wool: notions 
that are inadequate to the solution of the phenome- 
non, and probably without foundation. These sup- 
positions seem to shew an inattention to the subject 
of inquiry, as the property of elasticity seems rather 
to lie in the peculiarity of the matter than in the 
form. A piece of lead rolled up like a watch-spring, 
will acquire thereby no elastic power. It is pro- 
bable, that this property is owing to something else 
besides the form or the shape of the particles. 
Others have attributed the elasticity of the air to a 
repulsive power in the particles. This solution does 
not seem in the least to remove the difficulty; it is 
saying no more, though in other words, than that 
the particles separate; the separation or repulsion is 
the fact, the cause is to be explored for the fact; 
wy is, the expansive or separating force is allowed 

all. N 

You were astonished at the amazing elasticity fire 
gives to water, when you saw the steam engine 
erected by Messrs. Watts and Bolton, at Mr. Whit- 
breaa's brewery; the steam of boiling water is as elas- 
tic as air. The force of this steam may be increased 
to almost any degree in Papin's digester, the power 
is incredible, and without proper care would burst 
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the strongest vessel: it is, | evidently, fire that 'ren- 
ders steam elastic. There is no improhability, there- 
fore, in supposing that it occasions also the elasticity 
of air. Perhaps we shall not be far distant from the 
truth, if we say with Boerhaaue, that the active force 
in the air, which produces so many e does all 
arise from the fire contained in it. 

Not to trust to conjecture, let us have recourse to 
experiment. I take this bladder half filled with air, 
and tied closely about the neck; I hold it near the 
fire, and it immediatel wells; the nearer I 

ch, and the longer [ hold it there, the more the 
bladder expands; "the elasticity of the included air 
increasing as the action of the fire increases. As a 
great gre of fire gives more elasticity, and a 
less elasticity to the same quantity of 
air, 8 2 seems to have the direction of this 
quality, and to be the physical cause of it at all 
seasons. That fire is the power by which the air is 
kept in continual motion, is also evident from the 
thermometer of Drebellius. | 

One objection, however, has 1580 made to this 
theory, which should be obviated; the bladder will 
. distend when a part of the surrounding air is with- 
drawn, in the same manner as if it were held before 
the fire. If fire be the immediate cause of the re- 
pulsion, it has been asked, why does the repulsion 
increase, when the heat remains the same? The an- 
swer is plain and easy; there is the same heat in the 
receiver as in the circumambient air; this heat is 
sufficient for the purpose, and must necessarily pro- 
duce the . when the progeure of the air is ta- 
ken off. 

As long as 81 is full of air in the same 
state with that in the bladder, there are two equal 
ſoroes counteracting one another; there is the —— in 
the bladder rendered elastic by tbe standing degree 
of heat at that time in the atmosphere, and there is 
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elastic pressing with equal force on the 
Satay — ot the bladder; so that, while things 
remain in this state, all will be at rest. But the 
effect will be the same, whether you add more heat 
to the inside, or take away an equivalent degree of 
resistance from the — ; a rarefaction must fol- 
low upon either of these changes, for, to subtraet 
the resistance from the outside of the bladder, is the 
same as to add a greater force of expanding fire 
withinside. Many experiments in the course of 
this work will be found to strengthen this opinion; 
and it does not appear that there is a single experi- 
ment to prove any elasticity in the air independent 
of fire. | 
The elastic power. ol the air is always equivalent 

to the force which compresses it; for, if it were less, 
it is clear it would yield and be more compressed 
were it greater, it would not be so much reduced; 
for, action and re- action are always equal. So that 
the elastic force of any small portion of the air we 
breathe, is equivalent to the weight of the incum- 
bent part of the atmosphere; that weight being the 
force which confines it to the dimensions it possesses. 
Hence the air is always a counter-balance to itself, 
and naturally in equilibrio like other fluids. Air 
compressed by twice the weight of the atmosphere, 
is — to half the space it before occupied, by 
four times that weight to one quarter of the space, 
and so on in a geometrical progression, supposing 
the heat to be always the same. 

IJ0o illustrate these laws relating to the air's elas- 
ticity, we shall take this bent tube, whose smaller 
leg is hermetically sealed, plate 4, fig. 1; ; _—_ 

at with the curvature downwards, I pour a sma 
quantity of quicksilver into the tube, 80 as just to 

fill the horizontal part, in order to confine the air 
contained in the smaller leg. Now it must be evi- 
dent to you, that in this case, the air. in the smaller 
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leg cannot be pressed by any other weight than the 
common pressure of the atmosphere. I shall now 
pour more quicksilver into the longer leg, which wilt 
compress the air in 5 shorter one, and confine it 
to a smaller space. By pouring additional quick- 
silver into the longer leg, you will | find that — space 
into which the air in the shorter one is reduced, is to 
the space it occupied with the atmospheric pressure, 
as the atmospheric pressure to the same pressure 
with the weight of the additional quicksilver. In 
other words, by increasing the quantity of quick- 
silver the condension is inc , and it 1s found 
that the space into which the air is condensed by 
different weights, is inversely as those weights; or, 
its density is as the pressure it bears. When we say 
that it is inversely as the compressing force, we 
mean that the space is diminished in the same pro- 
portion in which the force is increased; and as thus 
a double force reduces the air into half the space, a 
triple force reduces it into a third part of the space 
it possessed before; so half the force permits the air 
to expand itself into double the space, and a third 
part of the force permits it to expand into a space 
triple of what it possessed before. | 
After what has been said, it seems almost needless 
to observe to you, that the more the air is com- 
pressed, the denser and heavier it becomes: it bein 
evident, that a given quantity of air confined in half 
the space it naturally occupies, must become twice 
as dense, twice as heavy as it was before, and must 
offer a preater resistance to the motion of the bodies. 
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Having proved to you, that the spring or elastic 
power of the air is as the force which compresses it, 
and that the density is also as the said force, the 


space it t Possesses * always reciprocal to that 


— 
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force;; we are furnished with some data to make, 
inquiry concerning the limits of the atmosphere, 
Pr. its state as to rarity at different elevations from 
the earth's surface; subjects that have engaged the 
attention of philosophers and mathematicians ever 


since the discovery of atmospheric pressure. 
Their attempts commenced soon aſter it was 
covered, by means of the Torricellian tube, that air 
is a gravitating substance. Thus it also became 
known that a column of air, whose base is a square 
inch, and the height that of the whole atmosphere, 
weighs fifteen pounds; and that the weight of the 
ir is to that % mercury, as 1 to 10,800; whence it 

allows, that if the weight of the atmosphere be suf - 
ficient to raise a column of mercury to the height of 
thirty inches, the height of the aerial column must 
be 10, 00 times as much, and consequently a little 
more than five miles high. r ppl * 
„that 


4 


: 
* 


It was not, however, at any time | 


this calculation could be just; ſor, as the air is an 


elastic fluid, the upper parts must expand to an im- 
mense bulk, and thus render the calculation above 
related exceedingly erroneous. By experiments 
made in different countries, it has been found that 
the spaces which any, portion of air takes up, are 
reciprocally BA och Bp weight with which it 
is compressed. Allowances were therefore, o be 


made in calculating the height of the atmosphere. 


| P 
If we suppose the height of the whole divided into 
innumerable equal parts, the density p ich of 
which is as its quantity, and the weight of the whole 
incumbent atmosphere being also as its quantity, it 
is evident, that = weight of the incumbent air is 


every where as the quantity contained in the subja- 


cent part; which makes a difference between the 
weights of each two contiguous parts of air. By a 
theorem in geometry, where the differences of mag - 


nitudes are geometrically proportional to the magni- 
0 8 — 
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tüdes themselves, it appehrs that these magnitudes 


are in Coftinunf arithmetical proportion; therefore, 


if, according to the zupposition, the altitudes of the 


air, by the addition of new parts zuto which it is di- 
vided, do continually werease in arithmetical 

ion, its denstty will be diminisbed, or, which is 
the carne thing, its gravity decreased in continual 
geometric proportion.” eee. 

It is now easy, from such a ins, making 

or three barometrical observations, an be 
the density of the atmos 


phere at two or three diffe 
stations, te determine its absolute height, or its rarity 


height. Calculations accordin 
— e 
observations dy no means cor- 
e density, Which, by other — 


PO 0s Ne had, it was u 
per paris of the Ne 
to the same laws with the lower 
— 4 ene be, therefore, had recourse to an- 


_ te 


other method for determining the altitude of the 


atmosphere, viz. by a calculation of the height from 
which the light oſ the sun is refracted, so as to be- 
come visible to us before he himself is scen in the 
heavens. this method it was determined, that at 
the height forty-five miles the atmosphere had no 


power of refraction; and, consequently, beyond that 
distance was either a mere vacuum, or the next t thing 


to it, and not to be regarded. | 

Tus soon became very Serty NcclVe n 
108 the height of the atmosphere was spoken of as 
familiarly as the height of a mountain, and reckoned 
n n than the 

s of most mountains are. great objec- 
ere eee which have never Bo removed, 
arise from the appearances of some meteors, like 
large globes of fire, not n to be seen at 
vast beights above the curth. A very remarkable 
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one of this kind was observed by Dr. Halley in the 
8 oY of March 1719, whose altitude he computed 
to have been between sixty-nine and, seventy-three 
and an 98 English miles: its diameter 2800 yards, 
or upwards of, a mile and an half; and its. ere 
about 850, miles in a minute. Others, 2 of 
the same Kind, but whose altitude and velocit 
still greater, have been, observed; parti te that 
very remarkable one, August 18th, 1783. hose dis- 
tance from the earth could not be less than ninety 
miles, and its diameter not less than the former; at 
the same time that its velocity was certainly not less 
than 1000 miles in a minute. Fire- balls, in appear- 
ance similar to these, though, panty i inferior i in size, 


have been sometimes obgerv the surface of the 
9 er board the 
ontague, 4 ovember,, 1749, which appeared as 
my as a large mill-stone;. it broke with a violent ex- 
osion. 

From analogical reasoning, it seems ve bable 
that the meteors which appear at such g 
in the 12 are not essentially different from t 
— aj just mentioned, are met 
with on he gurface of the earth. The perplexing 
circumstances with regard to the former z are, that at 

the great heights above-mentioned, the atmosphere 
ought, not to have any density sufficient to support 
flame or e propoge b. yet these meteors are 
commonly su ee one or more explosions, 
Nay, nee e to be accompani pal 
hissing noise as they pass over our heads. 
teor 15 1719. was not only very bright, i ingomuct 
that for a short gpace it turned night into day, but 
was, e with an explosion, heard over ll che 
island of Britain, occagipmng a violent concussion i 
the atmosphere, and gegming to shake 1 73 1 
itself. That of r Iso, though much higher, wan 
@ 2 Wo 
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the former, was succeeded by explosions; and, ac- 
cording to the testimony of several people, a hissing 


noise was heard as it passed. Dr. Halley acknow- 


ledged, that he was unable to reconcile these cir- 
cumstances with the received theory of the height of 
the atinosphere; as, in the regions in which this 
meteor moved, the air ought to have been 300,00 
times more rare than what we breathe, and the next 

thing to a perfect vacuſ m. 
In the meteor of 1783, the difficulty is still greater, 


as it appears to have been twenty miles farther r up 


in the ait. Dr. Halley offers a conjecture, ind 
that the vast magnitude of such bodies might com- 
pensate for the thinness of the medium in which 
they moved; whether or not this was the case, can- 
not indeed be ascertained, as we have so few data to 
ly upon; but the greatest difficulty is to account 
or the brightness of the light. Appearances of this 


kind are indeed with great probability attributed to 


electricity, but the difficulty is not thus removed; 
though the electrical fire pervades with great ease 


the vacuum of a common air- pump, yet it does not 


in that case appear in bright well-defined sparks, as 
in the open air, but rather in long streams resem- 


: Ty 


bling the aurora borealis. ' From some late experi- 


- 


ments, indeed, Mr. Morgan concludes that the elec- 


_ trical fluid cannot penetrate a perfect vacuum. It 


this be'the case, it shews that the regions we speak 
of are not such a perfect vacuum as can be artifici- 
ally made; but whether they are or not, the extreme 
brightness of the light shews that a fluid was present 


in those regions, capable of confining and condens- 
ing the electric matter as much as the air does at the 


surface of the ground; for the brightness of these 


meteortz, considering their distance, cannot be sup- 
| 180 inferior to har of the brightest flashes ut 


# & 


ightning. 
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It appears, therefore, that the absolute height of 
the atmosphere is not yet determined. Thes be- 
ginning and ending of twilight indeed shew, that 
the height at which the atmosphere begins to refract 
the sun's light is about forty-four or forty-five En- 
glish miles. But this may, not improbably, be = 
the height to which the aqueous vapours are carried 
for it cannot be — any unreasonable sup 
tion, that light is refracted only by means o 
ö — 28 vapour contained in the atmosphere: — | 
this ceases, it is still capable of supporting the 
electric fire at least as bright and strong as at 
surface. That it does extend much higher, is evi- 
dent from the meteors already mentioned: for, all 
these are undoubtedly carried along with the atmos- 
phere; otherwise, that of 1783, which was seen for 
about a minute, must have been left 1000 miles to 
the westward, by the earth flying out below it in its 
annual course round the sun.“ 

I cannot leave this subject, without byline before 
you the following thoughts of Dr. Horsley, Bishop of 
St. David's. That they are his, is sufficient to en- 
title them to attention, and you will find yourselves 
highly rewarded. by the masculine and energetie 
stile, Which so peculiarly characterizes our worthy 
bishop, I know not, says he, © for what reason 
our mathematicians have been afraid to admit the 
infinitude of the atmosphere of the earth; whether 
they thought it would bear hard upon the Newto- 
nian doctrine of a void, or that it implied the infini- 


| * The pbenomens of fugitive meteors do not, in my opinion, 
serve to shew the probable height of the atmosphere, any more than 
the crepusculum, or the exact means oſ barometrical observations 
at the base and summit of an high mountain. The fortuitous 
effects, in a chemical sense, that our globe must produce on the 
atmosphere, as well as various modifications of it from the influen 
of the sun, moon, planets, &e. are from causes, that, perhaps, wil 
never be mathematieally inveatyates by the most an philo- 
eopher, Ebi. ; 
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tude of matter. But neither the one tor the other of 
these consequences is to be apprehended; for neither 
the phenomena of nature, nor the principles of the 
Newtonian philosophy, require that there should be 
any where a great chasm in the universe, or that the 
whole material world sbould be actually circum- 
scribed by any finite space. A large portion of pore 
or interspersed vacuity is sufficient for all purposes. 


Nor does an absolute infinity of matter follow from 


the hypothesis of an infinite number of finite masses, 
and an infinite number of finite masses is all that is 
implied in the notion of a rare elastic fluid; diffused 
through infinite space. There are indeed no data 
from which any great altitudes of the atmosphere 
can be indubitably concluded in, the way of experi- 
ment; but I do contend, that there are no data, 
from which the supposition of its infinite height can, 
in the same way, be disproved; and this may. justly 
be held more probable than the contrary, as being 
the consequence of a theory, which has never yet in 
any instance proved fallaciou s. 
If the atmosphere of the earth reach to infinite 
heights with a finite density, those of Jupiter and 
every other planet will reach also to infinite heights 
above the surface of the planet with a finite density. 
The atmosphere of every planet will therefore reach 
to the surface of every other planet, and to the sur- 
face of the sun; and the atmosphere of the sun to 


* 


the surfaces of them all. All these atmospheres will 


mingle, and form a common atmosphere of the whole 
system. This common atmosphere of the system 
will be infinitely diffused, since the particular at- 


mospheres that compose it are so. It will reach, 
therefore, to every fixed star; and for the same rea- 
son that of every fixed star will reach the central 
body of our system, and of every other system; the 
atmosphere of all the systems will mix; the universe 
will have one common atmosphere, a subtle elastic 
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Huic which pervades infinite space; and being con- 
_ densed near the surface of every larger mass of 
matter, by the gravitation towards that mass, forms 
its peculiar atmosphere... 


ON HYPOTHESES, 


In the historical part of the preceding lecture, 
there are some facts, which, if properly attended to, 
will be of great use to you, You have seen how 
long bare conjecture was suffered to stand in the 
place of knowledge, and with what tenaciousness it 
was adbered to. Conjecture may lead you to form 
opinions, but it cannot produce knowledge. Natur 
ral philosophy must be built upon the phenomena of 
nature discovered by observation and experiment. 
Conjectures in philosophy are termed hypotheses 
or theories; and the invention of an hypothesis 
founded on some slight probability, which ac- 
counts ſor many appearances in nature, has too 
often — — as the 28 attainment of 
a phi If the hypothesis hangs well to- 
gether, is embellished with a lively imagination, 
and serves to account for common appearances, 
it is considered by many, as having all the qua- 
lities that should recommend it to our belief, and 
all that ought to be required in a philosophical 
Men of genius are so prone to invent hypotheses, 
and others to acquiesce in them as the utmost the 
human faculties can attain unto in philosophy, that 
it is of the greatest consequence to the progress 
of real knowledge, that you should have a clear 
and distinct understanding of the nature of hypo- 
theses in philosophy, and of the regard that is due 
Although some conjectures may have a consider- 
able degree of probability, it is evidently in the 
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nature of conjecture to be uncertain, 'In 
case, the assent ought to be ioned to the 
evidence; for to believe firmly, what has but a 
small degree of probability, is a maniſest abuse of 
our understanding. Now though we may, in many 
cases, form very probable. conjectures concerning 
the works of men, every conjecture: we can form 
with regard to the wo 1 God, has as little 
probability as the conjectures of a child with regard 
to the works of a man. 

The wisdom of God exceeds that of the wisest 
man, more than his wisdom exceeds that of a child. 
If the child were to conjecture, how an army is to 
be formed in the day of battle, how a city is to 
be fortified, or a state governed; what chance has 
he to guess right? The wisest man has as little 
Chance when he pretends to conjecture how the pla- 
nets move in their course, how the sea ebbs and 
flows, and how our minds act upon our bodies. 

Tf a thousand of the greatest wits that ever the 
world produced, were, without any previous know- 
ledge of anatomy, to sit down and contrive how, 
and by what internal organs, the various functions 
of the human body are carried on; how the blood 
is made to circulate, and the limbs to move; they 
would not, in a thousand ears, bit upon an thi 

like the truth. - 4 wages Paget; 
Ot all the discoveries that ets been made con- 

cerning the inward structure of the human body, 
never one was made by conjecture. - Accurate ob- 
servations of anatomists have brought to light in- 
numerable artifices in the contrivance of this won- 
derful machine, which we cannot but admire as 
excellently well adapted to their several purposes. 
But che most sagacious physiologist never dreamed 
of them till they were discovered. On the other 
Hand, innumerahle conjectures formed in different 


W with regard to the structure of the human body, 
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have been confuted by observation, and none ever 
confirmed. 

| What we have said of the internal structure of 
the human body, may be said, with justice, of every 
other part of the work of God, wherein any real 
discovery has been made; such discoveries have 
been always made by patient observation, hy accu- 
rate experiments, or by conclusions drawn by strict 
reasoning from observation and experiments, and 
such experiments have always tended to refute but 
not- to confirm the theories which ingenious men 
— invented. If we look back into the state of 
phy; in the different ages, we shall learn 
e history of every period, that as far as 
— — nature, and proceeded on 
observation, they made some progress in truth; 
but, as far as they pretended to carry on their 
vehemes without it, they only multiplied disputes. 

The finest productions of human art are im- 
mensely short of the meanest works of nature. The 
nicest artist cannot make a feather, or the leaf of a 
' @ee: human workmanship will never bear a com- 
Prison with the divine. Conjectures and hypotheses 
are the inventions and the works of men, and must 
bear proportion to the capacity and skill of the in- 
ventor, and will therefore be always very unlike to 
the works of God, which it is the — of philo- 
| _ to discover. 
The first rule of ohilocophiging laid down by the 
| t Newton is this, No more causes, nor any other 
causes of natural effects, dught to be admitted, but 
such as are both true and are sufficient for explain- 
ing their appearances. This is a golden rule, it is 
the true and proper test by which what is sound and 
solid in philosophy is to be distinguished from what 
is hollow and vain. 

If, therefore, a philosopher, pretends to shew you 
the cause of any natural effect, whether relating to - 
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matter. or mind; you are first to coneider, whether 
there be sufficient evidence, that the cause he 
aàssigns does really exist. If there is not, reject it 


with disdain as a fiction which ought to have no 
place in genuine philosophy. If the cause assigned 
really exist, consider, in the next place, whether 
the effect it is brought to explain, necessarily follow 
ſrom it. Unless it has these nenen it is 
good for nothing. 

By observing chis rule, you will not be in ae 
of employing mere conjecture, not satisfying your- 
selves with the illusive dreams of imagination, in- 
stead of the real state of things. Nou have seen 
also in these lectures the force of r np 


we on the 
mind. Had | Bacon, Galileo, Torricellius, or Boyle, 
given way to the objections thrown in their way, 
or contented themselves with the conjectures of 
their ancestors, we should never have the 
benefit of their discoveries; discoveries that do ho- 
nour to human yy and . Bene 
immortal.“ A 
- Prath-1n its omnitieient nia; 1s winter ; 
mediate, equal, and infallible. The ray with whi 
man is blessed, is, from the inferiority and infir- 
mity of his nature, partial, progressive, various, 
though immutable : this ray is obstructed by pas- 
sions, Pre} habits, and vices, causes of error. 
Truth, though destined to be the guide of man, is 
not bestowed with an unconditional profusion; but 
is hidden in darkness, and involved in difficulties; 
intended, like all the other gifts of heaven, to be 
sought and cultivated by al all the different powers 
and exertions of human reason. T 

Let the maxim of the once ed Thomas 
Acguinas be often before you, cave ab illo qui uni- 


* Reid on the Intellectual and Active Powers of the Mind. 
. + Tatbam's Chart and Scale of Truth. 
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eum librum legit; suspect the knowledge of those 
who dare not venture abroad in quest of truth, but 
under the authority of some great name: such, how- 
ever, is human weakness, that you will often find 
those who will condemn this pratice as absurd, 
when applied to the. dices that once reigned in 
favour of Aristotle or Descartes, offended when it is 
brought home to themselves, and when it is shewn 
that, even in this age, authority has undue weight 
and influence. I hope, that you will be dazzled by 

no authority, nor suffer any y popular prejudice to 
mislead you; but that you will always be governed 
and ided the Rf cot ded of the * the 
perspicuity of the facts, the justness of the in- 
| ferences, and the strength of the arguments proposed 


to 

” Phe lowest kind of « evidence that can be cited in 
favour of any doctrine or tenet, is the opinion of 
great and celebrated men. This evidence is of 
small authority, because the prejudices of different 
men, . yoo 1m. things and persons, of whose merit 
they are incompetent to judge, 1s very different. 
But whatever authority the tenets of any philo- 
sopher, or set of philosophers, have, or ever had, in 
the minds of other men, they derive that authority 


— from a supposed agreement with truth, reason, 
a. | 


? T - 
: . 
* 7 , 


„ b. 
| 11 


derb IV. g 


ON. THE NATURE AND PROPERTIES or TY (+ 
$13 ene | 


I. the the weceding levtaves1 yroved to you, that 
the subtle and invisible element of air is by no 
means exempted from the universal law of ita- 
tion, and that its weight is the cause of many 
phenomena. I have ; this prineiple clearly 
and naturally accounted for several appearances 
that could not be explained upon any other. I 
Have shewn to you the nature of that — instru- 
ment the air-pump, and the principles of the ce- 
lebrated experiment of Torrice You have seen, 
that the air is endued with a considerable elastic 
wer, by which it perpetually endeavours to expand 
itself into larger dimensions, and to remove the ob- 
stacles by which it is confined within certain bounds, 
and that it exerts this power more forcibly as it - 
more closely crowded together, the force Pg employs 
to gain its liberty being always proportionable 
its coarctation or density. From what you have 
already seen and heard, you begin, no doubt, to 
perceive the nature and _—_ of natural philo- 
sophy, that it is intended to describe the principal 
phenomena of nature, to explain their causes, and 
trace out the relation of the phenomena to, and 
their dependence on, those causes. But it is sub- 
servient to purposes of an higher kind, and will lead 
you to a knowledge of the author and governor of 
the 2 roving to you the * — > goodnees, 
and equ ty of his edministration, by s g you, 
that . good is the end or final cause of the 
whole creation, diffusing itself every where conti- - 
nually into all things, in proportion to their several 


capacities of m_—_ and participating in it. R 
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will teach you, at the same time, that the several 
operations in nature are carried on by means inde- 
pendent of all human counsel or direction, uncon- 
troulable by any human power or authority, and 
far transcending all human abilities to plan, to 
manage, or to execute. Tou will discover some of 
those laws by which the Sovereign Legislator go- 
yerns the corporeal universe, and by which he 
maintains it with undiminished vigour, and unde- 
caying beauty, through all ages, for the good of all 
beings capable of enjoying any share in the mani- 
fold atid various goods with which it abounds. 
With such prospects before you, I insure myself 
the most unremitted attention; and that you will 
not suffer yourselves to be discouraged by any ap- 


- 


parent difficulties, but follow me with pleasure, 
while I am endeavouring to trace the operations of 


nature through all their multiplied processes. 
It has been a question among philosophers, whe- 
ther the elastic power of the air is capable of being 
destroyed or diminished: there is reason, however, 
to think, that its elasticity may be considered as 
nearly perfect, because a mass of air that has been 
compressed by any given force re-establishes itself 
as soon as that force ceases to act, and that com- 
pletely, regaining the same bulk it had before the 
compression. There are several experiments which 
prove, that this elasticity is not changed either by 
the force or duration of the compression; for wi 
whatever force it be compressed, or however long 
it may be kept in a state of compression, it loses 
nothing of its original force. Messers. Boyle and 
Desaguliers made several experiments in order to 
discover how long the air would retain its spring, 
without being able to observe any sensible diminu- 
tion. M. Roberval inclosed air in a wind- gun, and 
preserved it therein sitxeen years; when he found, 
that its expansive force was the same as if it had 
been recently compressed. It must however be ob- 
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perved, that there are other experiments which shew, 

that, in certain cases, the elasticity of the air ma 

be injured, and that n 

BB NET NOR: ens: e eln 
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| \ Fieat applied 40 a ho of air produces two 34 
fects: if the air be so situated as to have room to 
expand, it rarefies it, or makes it occupy, more 
Space; if it be enclosed, and has not room to ex- 
pand, heat increases its elasticity, and oat 80 much 
the more as the pressure. is greater. To shew you 
that heat makes the same guan ntity of air ocoupy a 
larger, space, I take this, glass tube, which is sealed 
or closed at one end, and nearly of an eq wal dia- 
meter throughout; 1 plunge the — of end into 
boiling water, and keep it = till it has attained as 
much heat as the boiling water can communicate 
to it; I now take it from thence, and insert the 
open end into quicksilver, which L have previously 
warmed that. it may not break the glass 098, ab. 
serve, that I bold 2 tube nearly in an 
position, and that the mercury rises i in the 4 in 
that proportion as it, and the air within it, . 
when it is perfectly, cooled, to the freeai 
you will find one-third of che lass tube fi Trick 
quicksilver, and two-thirds with air. If I should 
again transſer it to the vessel of boiling water, the 
heat thereof would again the air, and make 
it occupy the whole length of the tube. 1 
experiment you will deduce the ee 
ſerenoes: I. That beat augments the of 
air. 2. That a quantity of air a by 
the weight of the atmosphere, and condensed 
the cold of ice, is to the volume of the same 
—— w, heat ee ee! as two to 
t | | 


N. 
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In depcsteg these experiments, you may find 
some variations, for the result will differ with the 
pressure of the atinosphere, which you know eis con- 
tinually varying, but humid air will occasion still 
greater deviations. The effect of a small quently 
of moisture may be proved by a very simple ex 
riment, that you may repeat when distant from any 
philosbphical apparatus. I took an empty glass 
phial that I had carefully dried within side, and in- 
verted in this water when it was boiling, and it has 
remained there till the air and water are perfectly 
coal; and you see that the phial is now filled about 
one-third with water, shewing that $0 much of the 
air was ex by the beat, and, consequently, 
that the air was ex in that proportion. 
But by the addition of a small quantity of water to 
wet the inside of the phial, the air will be totally 
expelled, and make so perfect a vacuum, that 
| when ll! is cool the phial will be entirely filled with 
WERE 5, 4 
Heat increases the elavtivity of the air, in e 
tion to the incumbent pressure, if the expansion 
thereof be prevented. Take a glass tube, between 
four and ſive feet in length, and about one-tenth of 
an inch in diameter, bent at bottom, and termi- 
nating in a thin glass globe, five inches diameter, 
filled with common air; pour as much mereury into 
the tube as will rather more than fill the curved 
part thereof; and when the tube is vertical the 
mercury will be of an equal height in each branch 
of the tube: now it is plain, that this could not be 
the case unless there was an equal pressure on each 
end of the mercury, the density of the air within 
the ball being a counterbalance to the pressure of 
the atmosphere. Let us suppose this pressure to be 
equal to a column of mercury of twenty-eight 
inches; on plunging the ball into boiling water, the 
mercury will rise about ger inches above the level 
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in the longer arm, which is onerthird of twenty - 
eight inches. When the whole is cool, pour into 
the tube as much mercury as will form a column of 
twenty-eight inches above the level; consequently, 
the air in the ball now sustains a double atmosphere: 
plunge it again in boiling water, and the mercury 
will be raised 187 inches above the point it was at 
before the immersion: now 185 is the third of fiſty- 
six inches, the pressure sustained by the air in the 
ball; so that this air then counterbalances a weight 
equal to a column of mercury 74 in height: 
namely, the weight of the atmosphere, twenty-eight 
inches of mercury, and 18 inches, to which it was 
raised. It is evident, therefore, from this experi- 
ment, Ist. That heat increases the, elastic force. of. . 
the air in rtion to the incumbent pressure. 
2d. That the heat of boiling water increases the 

elastic power of the air one-third of the incumbent 
pressure. In the same manner you will find, that 
the elasticity of the air is weakened, and that it 

contracts into less space by immersion in cold or 
freezing mixtures. 57 00 


* 1 . 


It is plain, from what has been said, that the 
same degree of. heat will expand air more in pro- 
portion, as the compressing force is removed. 
When a flaccid bladder is placed under the re- 
ceiver of an air- pump, and the compressing force 
is withdrawn by exhaustion, the air included in the 
bladder expands and stretches it, in the same manner 
it would do, if the bladder were exposed to the heat 
of a fire. Hence you may perceive why the vacuum 
of an air- pump produces so many of the same effects 
with actual fire. n bas 
It is necessary to observe to you one or two cir- 
cumstances > concerning the experiment with the 
bent tube and ball, as they occasion some difference 
in the results. 1. As the mercury which rists,in the 
longer leg of the tube diminishes the quantity in the 
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tete tube, it leaves the air more room to expand. 
2. Because the bulk or size of the ball is increased 
by the heat of boiling water, which gives the air 
contained therein more room also to expand, and 
thus lessens the density thereof, and prevents the 
elastic force being so much augmented as it would 
otherwise have been by the heat of the water. 
These circumstances are mentioned to you, to shew 
vou with what care and caution every philosophical 
inquiry should be persued, and that the most minute 
circumstances are to be attended to; even the irre- 
gularities observed in making any experiment should 
be communicated, that others may know what has 
happened, and what they may expect to meet with 
in the course of their future inquiries. Improve- 
ments of every kind advance by slow degrees; and 
it is not until things have been viewed in every 
ible light, that error can be diseovered, the point 
in question clearly ascertained, and the branches of 
philosophy depending on the experiments you are 
| making, be brought nearer to perfection. 

I shall now proceed to apply the experiments you 
have seen, that you may perceive their use to man- 
kind; and, though some of them may have appeared 
to you of little i importance, I hope soon to convince 
you, that, even in the common avocations of life, 
you will often have occasion to refer to the conse- 
quences naturally arising from them. It is an ex- 
cellent remark of an able writer, That things 
remote from common observation are at first in- 
distinctly seen, like the distant objects in a prospect. 
We are in doubt whether they are hills or clouds 
which appear in the skirts of the horizon; but when 
we draw near to them, we find they are no vapours, 
but firm land, fit for culture and inhabitation.“ 

That admirable property of the air, whereby it 
expands with heat, and contracts with cold, is one 
of the principal causes of wind. When the air 

VOL. 1. H 


— — — — 


114  RAREPACTION OP THE AIR, 


in any place is rarefied, the surrounding air, whielr 


is more dense, rushes in to supply the vacuity. 


Air in any one place, being heated, becomes lighter, 
and ascends; the surrounding air, being heavier 


and colder, supplies its place. The air of any place 


being therefore heated, and rarefied by the sun's 


rays, or any other cause, the air of a colder region 
will press into that place, with a degree of violence 


equal to the rarefaction. On the other hand, if from 
any cause it becomes colder, it contracts into a smaller 
space, and the warmer circumjacent air rushes into 
the place, to keep up the equilibrium of nature. 

Of the causes and nature of winds I shall treat 
more largely in a future lecture. - To render the 


circulation of air evident, I shall mention an easy 


experiment, which you may make on the first con- 
venient opportunity. Let the air of a room be 
heated by a good fire, while the air of a contiguous 
room is cold; then let the door between the two 
rooms be opened, and the cold air, being heaviest, 
will come into the heated room by the lower 

of the door-way; the heated air will go out into 
the cold room by the upper part of the door-way : 

the direction of these currents of air may be seen 
by the direction of the flame of a candle, which will 


be driven inwards, or towards the heated room, if | 


held near the bottom of the door-way ; outwards, 
if held near the top; whilst in the middle there is 
little or no motion, 'the flame remaining perpendi- 
cular. This-experiment further proves the rarefac- 
tion of air by heat; but it shews also, that it is the 
property of rarefied air to ascend. 
If a room, with a fire in it, be verianly closed, 

except the chimney, the air therein would soon be 
rendered unfit for respiration, and the fire itself 


would soon be extinguished. Hence it appears, 


how improper it is to keep the room of those, who 
are unwell or conralescent, too close. The un 
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and effeminacy of this age is studious to stop up 
every crack, and exclude, as much as may be, 
every breath of air; wrongly consulting present in- 
dulgenee, at the hos ns of future ease and com- 
fort. Children and young people are the most 
susceptible of the ill effect of a close air, and shew 
it by turning sick, and complaining of the head- 
ach; and they, who by practice feel less present 
inconvenience, are slowly losing their complexions 
and destroying their constitutions, which are never 
more invigorated than by the coldness and purity 
of the morning air. It is a common observation, 
and a true one, that the body is strongest, and the 
spirits most active,, in sharp frosty weather, wen 
fire burns the brightest; therefore, if you are wise, 
you will be forward to expose yourselves to the fresh- 
ness of a cool air, that you may have the use and 
enjoyment of your faculties, while others are de- 
stroying the powers of life by the debilitating sleep 
of the morning hours, and the sickly warmth of a 
close apartment. ; | | 
Many people imagine, that fire will purify con- 
taminated air, by destroying the noxious particles 
that are mixed with it, and thus render it fitter 
for respiration: this, however, is not true, for fire 
or combustion in general is so far from pu- 
rifying air, that it actually contaminates a pro- 
digious quantity; so that even a lighted candle 
kept in a close room, to which the external air has 
not free access, renders the air of that room ex- 
tremely noxious. But a fire kept up in a room or 
apartment, where the air is tainted, as in hospitals, 
&c. will purify the 'apartment, by promoting a circu- 
lation of fresh air to expel that which is infected.# 


For other deseriptions of useful and entertaining apparatus and 
experiments on the air- pump, to illustrate the elasticity, pressure, and 
other pioperties of the air, see the Appendix to Lecture IV. Rorr. 
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Among . various inconveniences of life, thers 
are few 52th troublesome than being obliged to 
dwell in a smoky house. Smoke is a vapour of- 
fensive to the senses, and prejudicial to the health: 
it destroys all domestic enjoyment, soon tarnishing 
the most beautiſul decorations of a room, and spoil- 
ing the furniture. Numerous have been the con- 
trivances, and immense the sums of money expended, 
to secure the enjoyment of a fire, without the an- 
noyance of smoke. Men of the first abilities have 


not thought this subject unworthy of their atten- 
tion; an among those who have endeavoured to 


remove the evils attending a smoky chimney, you 
will find the names of Descartes, Desaguliers, An- 
derson,* and Franblin. works 
Ihe author of a paper in the Plain Dealer asserts, 
that, of the various perversions of abilities, there is 
none that makes a human being more ridiculous, or 
more dangerous in its consequences, than that of 
attempting to stir a fire without judgment; to pre- 
vent which he lays down the following rules: 
1. Stirring of a fire is of use, because it makes a 
hollow where, the air being rarefied by the adjacent 
heat, the surrounding air rushes into this vacuum, 


and gives life to the fire, and carries the flame 


with it. 2. Never stir a fire when fresh coals are 
laid on, particularly when they are very small, be- 
cause they immediately fall into the vacuum, and 


9 See Dr. Anderson's Practical Treatise on Chimnies. 


1. But above all the philanthropic philosopher, Sir Benjamin 
Thompson, now Count Rumford, resident in the dominions, and in 
the service of, the Elector Palatine, reigning Duke of Bavaria. 
An abstract of his Essay on Chimney Fire-places, as improved by 
himself, I have added, for the ien ot the ande in the | 
Appendix to Lecture IV. Epirt. 
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thurefors ruin the fire. 3. Always keep the bottom 
bar clear. 4. Never begin to stir at top, unless 
when the bottom is quits clear, and the: top only 
wants breaking. | | 
' » You! have already seen, that air has a constant 
tendency to preserve an equilibrium; $0 that if the 
weight ot it be diminished in one place, the heavier 
air rushes in from all sides, till the equilibrium be 
again restored. I have shewn you, that heat will 
disturb this equilibrium very considerably, that it 
1 air, and makes the same quantity oc- 

ya mueh larger space, and thus renders it much 
peter When a fire is kindled in a room, it heats 
and rareſies the air contiguous to it, which be- 
comes consequently lighter than the surrounding 
air, and therefore ascends into the atmosphere, ti 
it finds or meets with air of the same gravity with 
itself and the air in the room which is lower and 
more dense, rushes in to supply its place, and 
being there heated and rarefied, it ascends in the 
same manner, carrying with it the smoke arisin 
from the Coals or wood: the fire is fed and pre- 
served by wk eonstant draught and circulation of 
air. D Nei 

By this ourrent of ait, e machine called a smoke- 
jack is put in action. It consists of a cireular set of 
vanes disposed obliquely to the course of the air, like 
the sails of a good wind-mills these are fixed into a 
vertical shaft and spindle that communicate with 
some wheel-work; these vanes are turned round 
with great velocity, when the fire burns briskly, 
the stream of air pressing successively on the vanes, 
as a stream of wearer's on the floats of a water-wheel. ud 


*The action of a common tin deter we laced i in the 
aide of a room, will give a just idea of the action of a smoke-Jack; 


the vanes of this being placed vertically, and those of the jack ho- 
3 1 
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This may be illustrated by an entertaining experi- 

ment; here is a paper ee adorned with 
figures, and fixed to a li ght circular frame of ten 
vanes, each of them ET four or five inches long, 
and about, one: and an half broad. 'The center of 
these is hung on a fine upright pivot. I put a 
ig hted cand Ae under the vanes; in a little time the 
air, heated by the candle, will rise, and, by its su- 

cessive strokes against the vane, make the lanthorn 
revolve with considerable velocity. 

The circulation is evident to every one, and you 
must all know how much fire is quickened and in- 
creased-by, a blast of aw, It is an established law 
of nature, that as soon as a fire begins to spread 
itself, a stream of air rushes in from all 4 to 
support it; and the larger the fire, the sbarper is 
the indraught of the air, which supplies the fire 
with fresh life and vigour : between the two a 
double motion is maintained of fire outwards and 
air inwards; that the matter of fire - goes outwards 
is evident, Ist, from the shadow which any opake 
body casts behind it, by intercepting. this matter 
in its course; 2dly, from the, heat propa 
through the air, _ which, at a considerable dis- 
tance. from the fire itself, will act as fire, and in- 
flame b when it is reflected from a concave 
speculum. The current of air inwards, you will 
perceive by holding a silk handkerchief, or any 
other light body near the fire, as well as by the 
rushing of the air through all the joints and aper- 
"_ — the doors and windows of a room heated by 
a fire. 

If you place any burning matter under a receiver. 
not exhausted of its air, the smoke will rise up per- 

pendicularly, and with considerable velocity; but 
when the air is exhausted, the smoke wil either 
sink down, or hover as an atmosphere about the 
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ignited body; proving, that the smoke does not 
ascend from any innate Tang but is n or 
forced up by a dense and active fluid. | 
A high b chimney is said to draw best, and to you 
the reason will be evident, for the higher the: chim- 
ney, the is the difference between the column 
of heated air within the chimney, and a column of 
the same diameter and altitude without. For the 
air continues warm and highly rarefied till it inter- 
mixes with the common air at the top of the chim- 
ney, and is, consequently, through its whole length 
lighter than the same bulk of common air; it is 
clear, therefore, that the longer these two columns 
of unequal gravity are, the greater will be their 
difference in their wei oht, the air will ascend with 
greater celerity, and the chimney will act better. 
There is another material circumstance towards 
promoting a good draught im the chimney, making 
the air, that is forced through, pass as near the fire 
as possible. It is the heated and rarefied state of 
the air, which causes its ascension; the more air 
is heated, the greater will be the force and velocity 
with which it ascends; and air will be more heated 
the nearer it approaches the fire, when it enters 
the chimney: in other words, the lower the mantle 
of the chimney is, the more readily will the smoke 
vow ner , being more rarefied, and moving with greater 
veloci 
But fresh ' air must be admitted into the apart- 
ment in sufficient quantity to supply what is thus 
carried away, and eonsumed by the fire, otherwise 
the air in the room would be soon exhausted, and 
lighter than the external air at the top of the 
chimney, and the smoke would therefore be soon 
dispersed in the room; thus, from the considera- 
tion of the action of the air and fire, we are natu- 
rally led to treat of the causes of smoky chimnies; 
and I persuade myself, that you will be enabled, 
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yourselves, from the principles 4 laid down, 


when the cause is sheun you, to power: out we 
_— | 
| he general cause of. amoky chimnies in a 


| N00 ee is the want of air. The workmanshi 
of the rooms being all good, the joints of the boards 


of the floors all tight and true, the doors and 


sashes being also worked with truth, and shutting 


with exactness, there is no passage left for the air 


to enter, except by the key-hole, and that is often 


stopped by a dropping shutter. Now it must be 


plain to you, that, in this case, there can be no cir- 
culation of air to support the place of that which is 
rarefied by the fire, and, consequently, that there 
can be no current to e the smoke coming into 
the room. 

To stop every crevice in a room, and yet sup- 
pose that a chimney can carry up the smoke, is to 


require inconsistencies, and expect impossibilities; 
yet often, on this account alone, has the owner of 
a new house been seen in despair, and ready to sell 


it for much less than it cost; and often, also, much 


expense has been laid out to effect a cure to little 


purpose, as those who were employed were igno- 
rant of the principles on which the cure must be 
founded. 

You will easily ascertain, whether this be the 
cause of the chimney's smoking; for if the opening 


a door or a, window enables the chimney to carry up 
all the smoke, it is clear, that want of air from 


without is the cause of its smoking. 
Vour mind has already suggested to you, that 


the only possible means o 7 bas this evil, must 


be by a continual supply of fresh air, and we have 


only to consider how this supply may be procured 
with the ſewest inconveniences. Here, however, 
it will be necessary to observe to you, that in all 


rooms where: there 1 is a res the body of air that is 


4 , 
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2 and rarefied before the chimney, is con- 
tinually changing place, and making room ſor other 
air to be warmed in its turn. Part of it is driven up 
the chimney, the rest rises and takes place near the 
cCieling. I the room be lofty, the warm air remains 
above our heads, as long as it continues warm; and 
we are but little benefited by it, because it does not 
descend till it is-cooler. | 
The difference in the olimate, between the up- 
per and lower parts of a lofty room, is greater than 
vou would at first imagine, but which you may 
easily ascertain by a thermometer, or going up 2 
ladder till your head is near the cieling. It is 
among this warm air, that the wanted quantity 
should be admitted; for, by mixing it with the sur- 
rounding air, the coldness thereof is abated, and 
the inconveniences that would otherwise arise from 
its admission, are hereby rendered almost insen- 
sible; and this may be casily effected by. cutting a 
crevice in the frame, at the upper part of the sash, 
which may be concealed by a thin board, sloping 
upwards, to give the air that passes through an ho- 
rizontal direction along and. under the.cieling. In 
some houses, the air may be admitted by a crevice in 
the wainscot, or plastcring near the cieling, and over 
the opening of the chimney; this, where. practicable, 
is to be chosen, because the entering cold air cools 
the warmest air as it rises from before the fire, and is 
soonest tempered by the mixture. It may also be 
effected by a pipe or tube communicating with the 
cicling, admitting air there, and leading from thence 
downwards on the outside or inside of the building, 
the lower end. communicating with the external air. 
The cold air would come in at the lower aperture, 
ascend into the room, and imperceptibly mix with 
the heated air, and, dispersing itself through the 
room to the fire, carry off the ſoul air, and s ——— 
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the room with a Biccountoty of that which is pure 
and wholesome. 

2. Smoke descends into the'r room when the open- 
ing of the chimney is too large, that is, when it is 
either too wide, too high, or too deep. Considered 
philosophically, the apertures of the chimnies should 
always be proportioned to the height of the funnel. 
The openings of the longest funnels may code, be 
by > er than those with shorter funnels. - 

hen the chimney-piece is too high, a great 
quantity of cold air can pass between the mantle 
and the chimney, without ing rarefied by the fire, 
consequently the contents of the funnel differ less in 
weight from the surrounding air, and the power of 
ascending, or draught of the chimney, is considera- 
bly lessened, if not destroyed, 

If the fire-place be too deep, the grate standin 
far back, the air is not sufficiently heated; nor will 
the evil be cured by bringing the grate forward, and 

leaving a vacuum behind. 
When the opening is too wide, a a great deal of aĩr 
sses the sides of the grate without being much 
zeated; wherever a quantity of cold air is suffered 
to pass the chimney, the motion of the smoke is 
checked and stifled at its first setting off, and, the 
circulation of the external air being destroyed, the 
2 descends. 

These defects may be remedied by a proper con- 
traction of the opening of the chimney, and by fill- 
ing up the vacancies behind and on each side of the 
| grate, so as to let no air enter from below, but what 
comes immediately through or before the fire, 
whereby the air will be more heated and rarefied, 
and the funnel made warmer so as to maintain a 
good draught at the opening. But, as in a wide 
chimney a quantity of cool air often enters at the 
two corners of the mantle, and thus finds its way 
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into the chimney without coming near the fire; to 
remedy this, place a sheet of milled iron on each 
side, within the mantle as low as possible, and slarit- 
ing upwards towards the middle of the chimney. 
This method is still more efficacious, if one of the 
plates be placed a little lower than the other, and 
made so long that the end of one goes beyond the 
end of the other thus N. Thus will every parti- 
cle of air be obliged to pass before the fire, and be 
rarefted, It may be proper to observe here, that the 
openings may be made too small, so that the enter- 
ing air operating too violently and directly on the 
fire, will strengthen the draught, but will also con- 
sume too much fuel. 

3. Another cause of smoky chimnies is having 
too short a funnel. There are some situations where 
a short funnel cannot be avoided; the only remedy 
in this case 18 to contract the opening of the chim- 
ney, so as to oblige all the entering. air to pass 

—_— or very near the fire. 

4. It is very common for one chimney to over- 
power another, and thus bring down the smoke. 
Thus in a middle-sized room with two fire-places, 
if the doors and windows be shut, and a large. brisk 
fire be made, it will soon bring the air down the 
other chimney with such force as to put out a can- 
dle; if fires' be kindled in both, the greater and 
stronger fire will over-power the weaker, and draw 
air down the funnel thereof to supply its own wants; 
this air in descending will drive down the smoke of 
the other fire, and force it into the room. If, instead 
of being in one room, the two chimnies are in two 
different rooms communicating by a door, the case 
is the same whenever that door is open. A kitchen 
chimney in a tight house will, when the doors are 
open that. communicate with the stair-case, over- 
power every other chimney in the house, and draw 
the smoke down them. 
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The only remedy here is, to suppl rd every chimney 
0 


with as much air as is necessary for its own con- 
sumption, which uy be effected by the means al- 
ready pointed out. | 

5. The smoke is 0 driven into a room ay the 
improper and inconvenient situation of a door. For 
as the smoke is carried up the funnel by the conti- 
nual and successive pressure of the air that enters at 
the fire-place, if this air be diverted or driven away 
from the chimney, the smoke will be carried away 
with it into the room; indeed, any cireumstance that 
turns the current of air from the under part of the 


fire, will be an assured cause of producing smoke in 


the room. The variety of cases that oecur under 


this head, are too many to be enumerated in 


this lecture. The remedies are, either to place an 
intervening ccrten, ur to shift the hinges of the 
door. 

6. ie an apartment is filled with 5 
when a fire is kindled in an adjoining chimney, and 
no fire in the incommoded room, although it does 
not smoke when it has a fire burning at its own: 
grate. This generally arises first from the wind 
driving the smoke down the funnel of the adjoining: 
ions along with the cold air, which cold air may 
be forced down by a gust of wind or by other causes; 


this may be remedied by a circular partition of about 


three inches between the funnels at top. Or it may 
arise from holes in the partition that divides the fun- 
nels; for this there is no perfect cure, but pulling 


don the chimney to the part where the holes are, 
and rebuilding it in a sound manner. You may be 
.relieved, by making use of a chimney or smoke 
board, fitted noc into the ae of the chim-, 


ney. 
7. If the funnel be made so narrow as not to 
mit the smoke to pass freely, it is checked by the 


| endden contraction at the mouth of the chimney, 
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and will be forced into the room before it can over- 
come the resistance to its ascent. Every chimney 
should be made wide enough to carry off all the 
smoke arising from the fire usually burned in it. 

The most obvious cure is what can seldom be 
effected without much inconvenience and expense, 
that is, building an additional flue to carry * the 
surplus of the smoke; but if the situation not 
admit of this, the fire place may be contracted both 
in breadth and height, and a smaller grate used, and 
the funnel heightened. If this only cures in part, 
and the chimney still smokes in part, a blower, or 
front plate of brass or iron, to put on or take off at 
pleasure must be used. 

8. The smokè is often drawn down by a wrong 
position of the house with respect to external ob- 
jects, as when tops of chimnies are commanded by 
higher buildings, or by a hill, &c. which, by inter- 
rupting the course of the air, make it assume vari- 
ous directions, and drive the smoke down the chim- 
ney in a stream, or wheeling about in A, pre- 
vent its ascent. 

Hence it is that low houses, when contiguous to 
high objects, are in danger of being disturbed with 
smoke. If the contiguous object be not very high, 
the disorder may be cured by, heightening the chim- 

ney; but if it be very high, it will be necessary to 
place a turncap, or some such other contrivance on 
the top of the chimney, as will prevent the wind 
from. entering it, while it leaves a free passage for 
the smoke. 

9. The smoke will oometimes be driven down by | 
strong winds passing over the top of the funnels. 
This ease is most frequent where the funnel is short, 
and the opening turned from the wind. 

When a violent current of air, or a strong wind, 
passes over the top of a chimney, the particles 
thereof acquire so much force, and move with 80 
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much, rapidity. in a direction nearly horizontal, as to 
prevent the rising light air from issuing out at the 
top of the chimney, and some of the current is also 

driven down the chimney. Where this hap- 

pens often, a turncap will be the best remedy. 
Chimnies, whose funnels go up in the north wall 
of a house, and are exposed to the north winds, do 
not in general draw so well as those in a south wall, 
because when rendered cold by those winds they 
check the smoke. | 
Chimnies inclosed in the body of a house, are 
* than those whose funnels are exposed in cold 
walls. 5 | 
Chimnies in stacks draw better than separate fun- 
nels, because the funnels that have constant fire in 
them, warm the others in some degree that have 
none. 

All funnels should have a winding direction as 
near the top as possible, which would in a great 
measure prevent any ill effects from strong or sud- 
den gusts of wind. | 

I have now shewn you the general causes which 
prevent the free ascent of smoke; in some cases, 
two or more of these causes may operate at the 
same time. 

Dr. Franklin observed a curious circumstance re- 
lative to chimnies, which does not seem to have been 
noticed by any one else, and which is worthy of your 
attention, namely, that in summer time, when no 
fire is made in the chimnies, there is, nevertheless, 
a regular draught of air through them, passing up- 
wards, from about five or six o'clock in the afternoon 
till eight or nine o'clock the next morning, when the 
current begins to slacken and hesitate a little for 
about half an hour, and then sets as strongly down, 
which it continues to do till towards five in the 
afternoon, when it slackens and hesitates as before, 


'for about half an hour, and gets a steady upward 
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current for the night. The hours vary a little as the 
days lengthen and shorten; they are also varied by 
sudden changes in the weather. In summer- time 
there is a great difference in the warmth of the 
air at mid-day and mid- night, and of course in its 
specific gravity, as the more the air is warmed, the 
more it is rarefied. The fannel of the chimney 
being 2 surrounded by the house, is protected 
both from the heat of the sun's rays, and the cool- 
ness of the night; this mean temperature it commu- 
nicates to the air contained in it. If the outer air 
be cooler than that in che funnel, it will, by being 
heavier, force it to rise and go out at the top; what 
supplies its place, being warmed by the funnel, is in 
its turn also forced up the chimney, and so the cur- 
rent continues till the next day, when the sun warms 
the air; and the funnel being now cooler than the 
air that enters it, that air is rendered heavier than 
the surrounding air, and therefore descends. 

It will be easy for you to make a few experiments 
on this subject, and thus render the doctrines it con- 
tains familiar to your minds: for this purpose furnish 
yourselves with a number of small representations of 
rooms; let each of them be composed of five panes 
of window-glass framed in wood at the corners, with 
proportionable doors, moveable glass chimnies, and 
openings of different sizes, and different lengths of 
funnel; the rooms may be so contrived, as occa- 
Sionally to communicate one with the other, and 
thereby form different combinations; fourteen, ar 
fifteen pieces of green wax taper, stuck together in 
a square, would make a strong fire for a small glass 
chimney, and when blown out, would continue to 
burn and give smoke as long as desired. With 
such an apparatus, all the operations on smoke and 
rarefied air may be made with ease, and the effects 
would be seen through the transparent sides. ö 


- 


128 oN SMOKY CHIMNIES: 


From what has been said on the methods of curing 
smoky chimnies, you will see the importance of 
experimenting in philosophy; and that while we are 
investigating one subject, new light is often thrown 
upon another. You little thought of the relation of 
the experiments on rarefied air to that of our com- 
mon fires: it is thus that something unexpected 
often starts up in the course of our inquiries, and 
the accidental discovery is often of more importance 
than the original -business 'of the research. To an 
attentive observer, scarce any thing will pass with- 


out its use, and without making some addition to 


science. 1 | | 

Chimnies have not been of long date in England, 
and the smoke was let through a hole in the roof. 
There is extant in the records of one of Queen Eli- 


_ zabeth's parliaments, a motion made by a member, 


reciting, © That: many dyers, brewers, smiths, and 
other artificers, had of late taken to the use of pit- 
coal for their fires, instead of wood, which filled the 
air with noxious vapours and smoke, very prejudicial 
to the health, particularly of persons coming out of 
the country; and therefore moving, that a law might 
pass to prohibit the use of such fuel, at least during 
the session of parliament, by those artificers.“ It 
was not then used in private houses, the unwhole- 
someness was the objection; fortunately the inhabi- 
tants got over this objection, and now think it rather 
contributes to render the air salubrious, as they 
have had no general pestilential disorder since the 
general use of coals,* though before that use they 
were frequent. 23 | We 


* Coals as contributing to the salubrity of the air, is an opinion 
to which I can by no means assent. Sublimation of coal daily 
infused in our too humid atmosphere, as well as precipitated into 
the dirt of the streets, are cireumstances allowed by all our chemists 


and physicians that contribute greatly to the injury, and often to 
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A Then 1 4 e BY * 
PIP ho ik en conuncny Ty ES 
Eres 
Von nes seen, that ins given nee a. may 
be expanded into a larger space, or contracted into 
a smaller. I have explaĩnec che nature of the air- 
pump, by which it is rarefied and exhausted; and 
now proceed to shew ou that philosophy has en- 
gines, not only to rarefy, but also to condense the 
air, and thus increase its 1 25 uy WERE com- 
pression. 1245 
This machine is called a codeneug engine: it 
consists, Ist. Of a syringe to condense, or rather 
to foroe fresh air into the same space. 2d. A strong 
receiver to hold this air. 3d. A gage to measure 
the of compression. 'The receiver is con- 
fined to the plate by screws, that it may not 
be forced up, and thus let the air escape. 
Plate 2, Fig. 1 represents a condensing bine, 
or instrument to! compress the air. AB is a strong 
glass receiver well annealed, fit to receive and bear 
the pressure of the air when considerably condensed. 
CD is the brass syringe, by which the air is forced 
into the receiver through the brass pipe, NF; to 
work this, you pull up the piston above an hole in 
the side of the syringe, which admits the air to enter 
and fill the barrel of the syringe; the piston being 
essed down, forces the air through a valve at the 
bottom of the barrel of the syringe, from whence it 
passes up the tube into the receiver, but cannot re- 
turn on account of a valve at the bottom of the 
barrel. E F is the gage, which consists of a glass 


the destruction of the health of the inhabitants of all the great 
cities in England. The modern improvements, of widening the 
streets, Count Rumford's plan of dispensing with great part of this 
pernicious fuel, and our occagional providential winds, seem to me 
to be the best antidotes nnn constitutional enemy. 
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is aleo turned for letting out the air, to restore the 
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tube, open towards the end F, but hermetically 


sealed at the other end. A. «mall, quantity of quick- 


sed towards 


air, Ant thefc- | 


silver is left in this tube, which is 
the sealed end on every admission 


ſore determines, hy the proportion between its ori- 


ginal distance 4 F, and the distance when in a 
state of compression, the proportional density of the 
ineluded air to that of common air; for, as the air 
presses the quicksilver forwards, it shews the; resis 
tance. pf the included air, Whose density is always 
inversely as the space it occupies. The receiver is 
confined down to the plate by the transverse maho- 
guny piece G H, which is maintained in its situa- 
tion hy the nut- Screws IK. LM is a thick brass plate 


to cover the top of the receiver; it is furnished with 


a brass wire passing has as a collar of legthers-to 


suspend articles by. A, ware' cage is sometimes 


placed over the receiver to prevent any actident,-if 
the glass should burst while condensing. The 


atop-cock, a, is to be turned, when the condensation 


is made the greatest possible, or, degree desired. It 


* * 


equilibrium.“ 1 

In che action of this machine, eee 
foreed into the receiver, A B, at every stroke of the 
piston as the syringe will 8 this will be evi- 
dent to you, when you consider the construction of 
this syringe. When the piston, which is solid, is 
drawn ſroin the bottom, it leaves a vacuum under it, 


till it gets beyond chis small hole near the top of 
the Wen * — dür, n 3 _ 


© Ca i 8 * 0 


* The . as — in the figure, -is of a construction 
the best adapted to convenience in action, and observation by the 
audience. It is by us sometimes made portable, and convenient 
ſor a table, e ging down the st P, to the base, N D; or 
_ and K, being Connected to the base. 


em 
Tue pipe, FN, is here dis with; men the stop-cack, a, placed 
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hole into the-barrel, fills it with air: now, the valve 
in this syringe opening downwards, contrary to what 
you observed in the air- pump, when I push the pis- 
ton down, all the air contained in the barrel is forced 
into the receiver, and cannot return; the air, there- 
fore, therein is compressed, and may be thrown in 
till it is rendered so d and its spring as great as 
the strength of the machine will bear. Lou may 
always know the degree of condensation by the mer- 
curial gage: when the quicksilyer has gone throu 

half the space between it and the end of the tube, 
one — has been forced in, or the air is of a 
double density; When it has passed two-thirds of the 
the air is three times denser, and so on; ſor 
the density of the air is always inversely as the space 
it oecupies. As the quantities forced in by each 
stroke of the piston are equal, the quantities in the 
barrel, and consequently the degrees of condensa- 
tion, increase in an arithmetical progression. If the 
receiyer be not made very strong, it would be soon 
forced asunder by the air 's elastic power, which we 
_ already shewn you to. be as. the n 
orce. 

Mr. Beyle has left us a great number, of experi- 
ments made with a condensing engine, which shew 
that animals may be killed by too great a condensa- 
tion of air; that, when condensed to a moderate 
degree, he found them to live longer therein than in 
common air; that it scarcely er insects and 
frogs; that mouldiness was promoted nearly in pro- 
portion to the degree of condensation; and that 
vegetation was not injured thereby. 

If the air be exhausted from — hemispheres, of 
three inches. and an half diameter, it will require a 
force equal to about 140 pounds to separate them. 
But, if the same bemispheres be placed under the 
receiver of the air- pump, without exhausting the air 
from them, and so much air be thrown into the re- 

| or a. 
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ceiver, as to render it double the density of the ex- 

ternal air, it will require the same weight to separate 

them; a further proof of the atmospheric pressure. 

But if the hemispheres be exhausted before they 

are put under the receiver of the condensing engine, 

and then the air be doubled in density, it will re- 

quire a weight of 280 pounds to separate them; 80 

that a double atmosphere has the same advantage 

over a single one, that the single one has over a 

vacuum. | FDI; e 

The sound of a bell is much londer in condensed 
than in common air. e HA BOY 
A round phial that would bear the pressure of the 
atmosphere, may be broken by condensed air, the 
air being exhausted from the inside. 

A bladder that will not break with the natural 
Spring of the air, will soon be burst by the increased 
elasticity of condensed air. Indeed, the force of 

condensed air may be increased so, as to counferact 

the greatest powers we can apply against it; and, as 
the air from its situation must be greatly condensed 
in the lower parts of the earth, with the application 
of heat it may have the most prodigious effects; 
producing convulsions in the body of the earth, and 
even a disruption of the parts extending to the sur- 
face. enn &. 43FLR; 45147 eint un IS; 
To this susceptibility of the air, of being con- 
densed, and of its surprizing expansive force when 
this pressure is taken off, we are indebted for the 
action of that curious instrument, the air or wind- 
gun, where, by great condensation, the air gives 
motion to leaden bullets, after the manner of gun- 

powder. In the present mode of making them, a 

* ball is fixed to the breach of the gun; this 

holds the condensed air, which is prevented from 

entering by a valve, which valve is governed by a 

spring. On discharging the cock, the valve opens, 

but eloses almost instantaneously, by means of a 
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spring. The air that escapes forces out the ball 
with such violence, that it will be driven to the dis- 
tance of sixty or seventy yards, or even further. 
Several shot may be discharged without throwing 
fresh air into the condensing ball; but the force, as 
ou may infer from what has been already explained, 
essens at every discharge, the fluid being less com- 
pressed, and its elasticity of course weaker. #  _ 
I shall now shew you how condensed air, by its 
pressure on the surface of water, will give motion to 
it, and produce a pleasing artificial fountain, plate 3, 
Jig. 13. This fountain consists of a strong copper 
vessel, of a conical or other shape, which is to be 
filled partly with water, partly with air; this pipe is 
long enough to reach nearly the bottom of the cop- 
per vessel: at the upper end of the pipe is a stop- 
cock. I fill the vessel about two-thirds with water, 
and then screw in the brass pipe, with the stop-cock 
B; the junction is, you see, made air-tight by means 


* Plate5, fig. 11 represents an air-gun of the most modern and 
approved construction, and, for simplicity and perfection, exceeds 
those of former contrivances. A is the iron gun barrel, with the 
lock, stock, ram- rod, &c. of about the size and weight of a common 
fowling piece. Under the lock, at ö, is a round steel tube, having 
a small moveable pin in the inside, which is pushed out by the 
spring of the lock, when the trigger, a, is pulled. To this tube, 5, 
a hollow copper ball, c, is screwed, containing a spring valve at its 
aperture, and fitting it perfectly air-tight: are two of these 
balls that usually accompany the gun, and that are to be previously 
and fully charged with co air by means of the condensing 
syringe B, fig. 12. The leaden bullet is to be rammed down into 
the barrel, the copper ball screwed quite home to the lock at h; and 
when the trigger, a, is pulled, the pin at 5 will be forcibly and 
instantly driven out against the valve in the ball, thus liberating a 
portion of the condensed air, which, rushing up through an aper- 
ture in the lock into the barrel immediately before the ball, will 
impell it to the distance of sixty or seventy yards at least. By 
re- cocking the piece, another discharge may be immediately made, 
and thus repeated to the amount of fifteen or sixteen times, with 5 
very small hissing noise, which at a distance is not audible. 

The condensed air is forced into the ball by the following opera- 
tion. The ball, c, is screwed to the brass sytinge B, fig. 12, quit 
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of an oiled leather; the air contained between the 
surface of the water and the top of the fountain, is 
at present of the same density with that of the at- 
OD: I screw the condensing syringe, fg. 18, 
to the upper part of the stop-cock at a, and by it 
force air into the vessel, which, as it cannot return, 
forces its way through the water into the upper part - 
of the fountain, and there remains in a state of 
rf than the outward air. Having 
reed in as much as I think necessary, I turn the 
stop-cock B, plate 3, fig. 13, unscrew the syringe, 
and screw in its place a jet or pipe, Fe 12, with a 
small aperture at top. I now turn the stop-cock 
again, to open the communication between the ex- 
ternal air and pipe, and the water is mn rn 
thrown up a considerable height by the sprin 
sure of the included air; the force with which 

It is thrown upwards is as the excess of the pre 
of the included air above the external air; and, as 
the pressure of the atmosphere is equal to a column 
of water thirty-three feet in height, if the included 
air be thrice as dense as the external, the beight of 
the jet will be sixty-six feet; but, in proportion as 
the quantity of water in the fountain is lessened, the 


close; in this syringe is adapted a moveable, piston and iron rod, a, 
at the end of which is a stqut ring, into which is placed a stout iron 
rod, K; upon this rod the feet are firmly placed, the hands are 
applied to the wooden handles, i i, fixed to the sytinge. Now, by 
moving the barrel, B, steadily up and down on the rod, a, the 
ball, c, will become charged with condensed air; and it is easily 
known when it is the fullest possible, by the irresistible action that 
the air makes against the piston when you are working the syringe. 
At the end of the rod, &, is usually an eight-square hole, which 
serves as a key to make the ball fast on the s8crew, 5; of the gun, 
and on the syringe. The piston rod works air-tight, by a collar, of 
leathers on it, in the barrel, B; it is therefore plain, when the barrel 
is pulled up, fresh air will rush in at the hole, 5; when the; barrel 
is pushed down, the air therein can / pass no other way but into the 
ball at top; the barrel being drawn upwards, the operation is re- 
eated, until the condensation is 80 strong as to resist the action of 
Ei Epir, l 
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air has more room to expand, its elasticity is dimi- 
nished, and it acts with less ſorce upon the water. 

To render this experiment more entertaining, the 
ſountain is furnished with a variety of curious jets, 
which may be screwed in the place of that which is 
now at the top of the fountain, plate 3, Fg. 12, 13, 
14, 15, 16, 17, and 19. n Weed 

Here is one that throws up a cork ball, which will 
sometimes remain suspended on the top of the water; 
it will often revolve on its center, pleasingly fall and 
rise again, spreading the water aft ground, „g. 19. 
Another jet is made of a hollow brass globe, pierced 
with a number of small holes tending to the center; 
the water rushing through these, with the directions 
in which the holes are made, forms a very pleasing 
spher& of water. took | 
Among the variety of jets, some forming cascades, 
revolving jets, &c. &. there is none more striki 


or more pleasing than one in the form of a cross, 
now on the instrument, set g. 13, in which the 
jets are so accurately at right angles to each other as 
to meet in that direction, which then changes, and 
takes another nearly intermediate with the former 
direction, illustrating very pleasingly the doctrine of 
composition and resolution of forces, in which you 
will be instrueted in our mechanical lectures.“ 


* Fig. 12, is the plain jet pipe, to be screwed on a,” fg. 13, like 
all the others; or it may be screwed to Hg. 17, which is fitted to a, 
of fig. 13, that the direction of the jet of water may be sent in 
either an horizontal or oblique direction. This right * 
is also adapted for all the other jets, the screws being all of one 
common size. 208d FI 182 | 

Fig. 19 represents a tin funnel upon a plain jet pipe; this is 
wall for receiving the cork ball, in the pleasant experiment above- 
mentioned, when, by accident, it falls out from dancing on the 
streaming jet. 1 | ke | 

Fig. 15 is a jet with perforated holes on its upper flat sur- 
face, from which the water spouts so as to form a kind of fluted 
colunin. . When the upper surface of this jet is pierced with 
2 great number of very fine holes, a very curipus and plegsing 
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It will not be improper, before we proceed further, 
to recapitulate to you the laws I have explained, 
concerning the elasticity of atmospheric air. Ist. I 
have shewn you that air may be condensed by pres- 
sure, and that the space into which it is contracted 


is in the inverse ratio of the pressure; thus, if one 


pound weight contracts a quantity of air, which in 
a natural space occupies the space of twelve cubic 
inches, into a space equal to six cubic inches, two 
pounds will reduce it into three cubic inches, three 
pounds into two cubic inches, &c. No experiments 
that have been hitherto made, shew the ultimate 
limits of this condensation; for, after being com- 
pressed as much as the instruments made for that 
purpose would bear, it still seemed capable of much 
1 compression, by the application of a greater 
orce. Neither pressure, nor cold, nor any other 
means, have yet exhibited air as a solid, or even 
rendered it a visible fluid. 63 
2d. You have also seen that, as air is contracted 
into a smaller space by pressure, so it expands into a 
greater space, when the pressure that confines it is 


removed. The limits of this expansion are not 


exactly the same, and 


rainbow may be formed, by the sun's rays; for the spectator 
has only to place the spouting streams directly in the 8un's 
beams, with his back towards the sun, and, being in a direct line 
with the sun and center of the jet, by stooping downwards his head 
to a degree as may be necessary, he will soon discover the beautiful 
appearance of the natural 5 colours, and a small rainbow, 
e same principle, as the one observed in 
the element at the time of rain and sun-shine. I refer the reader to 
the Lecture on Optics for more particulars of this phenomenon. 
Fig. 14 and 16 are jets that cause the water to stream horizon- 
tally, and exhibit a kind of radiant star, but with different quan- 
tities of streams. But the most curious jet is that like a cross, 
now 8hewn at the top of the fountain, fg. 13 ; like the other jets 


it is 8crewed on at a. The upper part contains eight small pipes, 


abcdefgh. The jets, @ b, spout horizontally ; the jets, d, ver- 
vertically upwards ; thereby forming two squares on each side of 
the upper part of the cross, and _ each other in a point ; in 
which point the vertical jet is prevented from mounting higher by 
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known, nor are there any experiments to shew, that 
when air has attained a certain expansion, it 1s not 
capable of a greater. | | 3 
3d. The elasticity of the air does not seem to be 
impaired by a long and continued pressure, so that 
if a dem quantity of air be kept for a long time 
highly compressed, or very much rarefied, it will al- 
ways return to the same given quantity, when put 
into the same circumstances that it was in before 
the condensation or rare faction. ; 
Ath. Air is rarefied by heat, and contracted. by 
cold.“ 5 17 97 5 
Sth. The weight of the atmosphere is conti- 
nually changing, so that if at one time it forms a 
counterpoize to a column of quicksilver of thirty 
inches, at another time it will support a longer co- 
lumn, and at others, one not so long. | 
1 may now proceed to explain to you a few more 
of those machines which depend on the spring and 
weight of air: among these there are none so ne- 
cessary for you to be acquainted with as the diffe- 
rent kinds of pumps. 'They are generally divided 


the action of the horizontal jet, while this is also prevented from 
proceeding horizontally by the action of the vertical jet; so that 
the stream takes different directions; at first intermediate, but 
afterwards falls into a parabolic: carve, the same as seen in the 
action of the other vertical and horizontal jets; the cause of which- 
may be seen in the Lecture on Mechanics. A double jet pipe is 
sometimes added, with the two pipes directly opposite each other, 
which shew the action and reaction of the opposite streams, and the 
right angular actions in consequence of it, the cause of which may 
be referred to Mechanics. By turning these pipes into an angle, a 
fan jet d'eau is produced. EpiT. 1 f 


* The late General Roy concluded from his experiments (Phil. 
Trans. 1777, p. 704,) that the heat of sixty-six degrees of Fab- 
renbeit's thermometer dilates the air 2.58090 thousandths part of 

its bulk, M. de Saussure makes the same degree only dilate it 
1.88615. M. de Saussgure attributes this enormous difference in 
their results to the difference of capacities of the vessels in which 
the experiments were made. 
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into two kinds; 1. The common, or as it is often 
Improperly called, the ain pump. 2. The forc- 


ing * 


or coumon OR HOUSE PUMP. | 


This is said to have been invented cube a 
mathematician, about 120 years before Chris. The 
operation of this pump depends on the pressare of 
the atmosphere; which ng equivalent to thirty 
inches of mercury, or thirty-four feet of water on a 
55 8 surface, it f plain that we cnt be 1 . | 
this ies of pump, to an altitude ter than 
that of Dot thirty-tar feet: this Dägdt varies, 
| being a little greater or less, on account of the diffe- 
rences* in the weight of the atmosphere. It is sel- 
dom, however, Sled to raising water above twenty- 
eight feet, lest 2 puny should fail in its perform- 
ance: Here ” a model of the common pump in 
glass, plate 1, fig. 22, that you may see the action 
of the piston 1 the motion of the valves. It con- 
sists of a pipe open at both ends: this part which is 
larger then the other is called the bod ve the pump; 
in this there is a moveable piston: th 
see, fits so exactly to that part of the pe wherein it 
works, that it does not let any air pass between it and 
the pipe. The lowest point to which the piston can 
be depressed, and the highest point to which it can 
be raised, is called the stroke of the piston. 22 obs 
Here are also two valves, both opening upwards; 
the one in the lower part of * pump, the other 
at the upper part of the piston. I put the bottom of 
the pipe in water, and thrus: « *%, Soto to the bot- 
tom of the barrel or body of the pump, pouring 
some water on it to keep the piston tight. I raise 
up the piston, which leaves a vacuum in the bar- 
rel, into which the air in the lower part of the pipe 
will expand; the air in the pipe being thus rarefied, 
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— its spring weakened by the expansion, it presses 
less upon the surface of the water in the pipe, than 
the atmosphere does on the surrounding water; 
consequently, the water will rise in the tube till the 
air within is as dense as that without, and thus rest 
between two equal pressures. I then depress the 
piston, but the valve, which opened to let the ait 
come out of the pipe, will perinit none to go back 
again; it therefore forces its way through the valve 
in the piston, and mixes with the common air. 
After a few strokes, the whole of the air is ex- 
tracted, and then the water rises through the valve, 
and is discharged by the piston: the water will now 
continue to run out of the spout, as long as I con- 
tinue to work the pump. Lou see, that every time 
the piston is lifted up, the lower valve opens, and 
the upper one closes; but, on depressing the piston, 
the lower valve closes, and the upper one opens: it 
is by this simple mechanism, that we so easily raise 
water, and avail ourselves of the pressure of the at- 
mosphere; the piston, in rising, lifting up all the 
water above it and discharging it, and while it rises, 
more water passes through ihe lower valve to be 
lifted up at the next stroke of the piston. 

Though the pressure of the atmosphere will not 
raise water higher than thirty- four feet; yet, when 
the water has once got above the piston, it may be 
lifted thereby to any height, if the piston- rod be 
made long enough, and a sufficient degree of power, 
or strength, be employed to raise it with the weight 

of water above the piston. ; W 2 
If a pump admits or takes air at the lower valve, 
the water will fall down into the reservoir, for the 
same reason that the mercury would fall out of the 
tube of a barometer, if the air was let into the top 
of the tube. If the water has been out of a pump 
for some time, the leathers of the valves grow dry, 
and will neither open nor shut freely; the leather 
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round the piston grows dry also, and will not then 


fill exactly the cavity of the barrel. The mode used 


do fetch the water again, as it is called, is by pouring 


a pail-full of water down the pump, to moisten the 
valves, and make them shut and open freely, and 
swell the leather round the piston, so that it may fill 
the cavity of the barrel, when this is done, the 
pump will work as well as before. 5 

The force required to work a pump, is as the 
height to which the water is raised, and the square 
of the diameter of the barrel in which the piston 
works. ON 
Consequently, if there be two pumps of equal 
heights, but the diameter of the one twice as large 
as that of the other, the larger will raise four times 
more water than the smaller one, and will require 
ſour times as much strength to work it. . 

The diameter of the pump, in any other part but 
where the piston works, does not increase or di- 
minish the difficulty of working it, except some 
difference occasioned by friction, which is more in 


— 


a narrow bore than a wide one. The handle acts as 


a lever, to give an advantage to those who work 
mp. | 

The longer stroke the pump makes, the more 
water it raises with the same power, less water being 
lost by the shutting of e ee N 2 

Here it may be necessary to observe, that though 
the pressure of the air on the water in the well, &c. 
will raise this water, yet this assistance is counter- 
balanced by the wecht of the atmosphere on the 


- 


water thus raised in the piston; so that the advantage 


obtained by this engine, is that of putting things 
into a more convenient and manageable form, and 
it will be well worth your while to remember this 
circumstance, as you will find it take place in almost 
every other piece of mechanism. AT” 


r 
OF THE FORCING PUMP; -OR THAT KIND WHICK 
RAISES n BY THE rene OP Nee 
Kg nd a+ { | | f 
Of this kind way 1s 4 a ade ov 1; 1 21. 
Pits hrodel- — —ͤ—ͤ— pump just 
described, and the forcing p, fixed to a maho- 
framed- stand, to hold water inside. In the 
—4＋ aw py you see, that the pipe and body, or 
barrel of the pump, is the same as the preceding 
one, but that there is no valve in the piston: at the 
bottom of the barrel there is a small tube placed at 
right angles to the barrel of the pump; to the other 
— of this tube is cemented a cistern, into which 
the water is to be forced; from the top of the cistern 
there is a tube, which goes nearly to the bot- 
tom thereof. You observe also two valves, one 
fixed near the bottom of the barrel, the other in 
the small tube, or forcing pipe. This pump acts, 
in the first place, by the atmospheric pressure, as 
the preceding; and then, by forcing the water into 
this cistern, the air in which being condensed, will 
press upon the water, and throw it up a consider- 
able height, in the same manner you sa. it act in 
the 2 fountain. 
I shall now work it to bs you the effect: ak 
I lift up the piston, the air between that and the 
water below, having room, dilates itself, and 
less strongly on the water, and a few strokes will 
soon bring the water above the valve in the barrel. 
When the piston descends, as the water cannot 
through it, nor back again into the lower 
part of the pump, it is forced through the bent 
pipe and valve into the reservoir, or air-vessel; the 
moment I raise the piston again, this valve, you see, 
shuts, and prevents the water in the air-vessel from 
returning. 


* 
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Thus being, by repeated strokes, forced into the 
air · vessel, it gets above the lower end of this pipe, 
and then begins to oondense or crowd the air into 
a smaller space; for, as the small pipe is fixed so as 
to be air-tight at the top of the reservoir, and the 
air has no way, of escaping but through it, that way 
is cut off whon the end thereof is covered with 


water; the tir is more and more condensed as the 


water rises, so much so, that you see, by its pres- 
sure on the surface of the water, it forces it thr 
the pipe in a jet to a considerable height, while 1 
supply it with _— by continually — the 


piston: the hi ighe r the. surſaoe of water is raised 


in the air-yessel, the smaller you see is the space 
into which the air is oondenzed, and the more 
| its action on che water, which it drives 
with greater foroe throngh the pipe; and as the 
spring of the air remains and acts while Lam raising 
the piston, the stream Gontinna uniform as long as 
I work the pump. 

Water may be aid. by. A forcing pump to any 
height above the level of a river or spring, an 
machines may be oontrived to work these pumps, 


either by a running em. a fall of water, by horses, 
or by steam. | 


The water-works at London-bridge exhibit a most 
curious engine of this kind: the wheel-work is so 


contrived as to move either way as the water runs; 
the engines are said to raise above 140,000 bogs- 


beads of water each day. 
The enge, used for extinguishing fires, acts as 


. a common and forcing pump, and raises water, as 


you ou have seen, to great heights, and with considera- ' 
le velocity; those being 'the best that A 1 
the e condensation of air. | 
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Thies though - 4 mall instrument, must not be 
2. it consists, you see, of a bent tube, one 
end of which is longer than the other. I immerge 
the shorter leg into this vessel of water; I now 
draw the air out of this tube by my mouth, and you 
see, that as soon as the air is drawn out of the tube, 
the pressure thereof on the water in the vessel will 
force it up the shorter leg, over the bend, and 
down the other; and when I take my mouth away 
from the longer leg, it will begin to run out, and 
continue running till it is below the aperture of 
the shorter leg. The water is raised in the lower 
leg by the pressure of the air, and if the legs of 
the syphon were equal, it would not run out, as 
there would be an equal pressure on both ends, one 
counteracting the — bt but when one leg is 
longer than the other, the water begins running 
from the excess of its weight, and the continuation 
of the motion probably arises from the nature of a 
fluid substance; or, as the preponderati 5 weight 
in the longer leg renders the pressure of the air on 
that leg less effectual than on the other, the water 
necessarily moves to that part where there 1 is. less 

ressure. 

The syphen may be diaguised so as to produce a 
great many entertaining and apparently surprizing 
effects, Thus, it may be concealed in a cup on mp 3, 
Fg. 20, which will hold the liquor contained in it 
till it has attained a certain height, when it will 
begin to run out, and continue so to do till the 

vessel is emptied. Here is a cup with a figure 
standing in the center; I pour water into the cup, 
and you see it remains there: it has now nearly 
reached the lips of the figure, and the syphon con- 
_ tained therein begins to act; the water rises in the 
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shorter lew, by its natural pressure, as high as its 
own level: when it has got beyond the bend of the 


syphon, it is drawn away by th 1 leg. There 


are many artful ways of concealing t syphon, _ 
rendering its effects more strange and amusin 
sometimes the syphon is concealed in the hand e. 
This cup is generally called Tuntalus's cup, from the 
gm 1 Tuntalus, thus deseribed oy 3 n ee 


. bd 19 


ö There Tantalus ivy the hin downds, oa 
Pours out deep groans! (with groans all hell aeg) 
Een in the circling floods refreshment craves, wm 

And pines with thirst amidst a sea of wavesz 
And when the water to his lips applies. 
Back from his lips the treacherous water fies. 
Above, beneath, around his hapless head. 

Trees of all kinds delicious fruitage spreae. 
There figs, high-dyed, a purple hue disclo s, 
Green looks the olive, the pomegranate glo ww 
There dangling pears exalted scents unfold, 

And yellow apples ripen into gold. | 

The fruit he strives to seize, but blasts arise, 

Toss it on high, and whirl it to the skies. 

The syphon affords a very probable ectution of the 
nature of intermitting springs, which I must illus- 
trate by a diagram. Let HH K B, plate 4, fg. 2, 

esent a cavity in the bowels 'of a mountain, 
from the bottom of which proceeds the irregular 
cavity BDET, forming a — Now, if by 
means of rain, springs, or any other cause, this ca- 
vity begins to fill, the water will, at the same time, 
rise in he leg of the syphon or cavity, till it has 
attained the horizontal level, when it will begin 
to flow out by means of the leg DE T, and will 
continue to rise and increase in the quantity dis- 
charged, as the water rises higher, till at length 
the syphon will pour out a full stream, and thus 
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empty the cavity. The stream will now cease till 
the cavity fills again, when it will exhibit the same 
appearance; and these periodical returns of flood 
and cessation will be regular, if the filling of the 
cavity be 80; but the intervals of the return must 
depend on the dimensions of the cavity, and many 
other circumstances, | | 2 

Many instances of this kind occur in nature. 
At Gravesend there is said to be a pond, out of 
which the water ebbs all the time the tide is com- 
ing into the adjacent river, and flows during the 
time that the tide is going out. This appearance, 
probably, arises from a subterraneous reservoir, 
equal in capacity to the quantity of water that rises 
and falls in the pond: between this reservoir and 
the pond there may be a natural syphon, by which 
they communicate with each other, and act as we 
have already explained; and a second natural 
syphon may, in the same manner, convey the water 
_ from the pond, when it is filled to a certain 
eight. | 

KH Lambourn, in Worcestershire, there is a 
brook which, in summer-time, receives a flow of 
water sufficient to turn a mill, but in winter it runs 
a very inconsiderable stream. It is probably occa- 
sioned by a large subterraneous reservoir, filled to a 
certain height by the winter rains, snows, &c. and 
that then a natural syphon takes effect, and brings 
away the water in a stream, equal to its bore, 
till it has emptied the reservoir as far as its. action 
reaches. | | 

This is illustrated by this apparatus, plate 4, fig. 4. 
The upper box, A, is filled with water; a small 
pipe carries water from this box to the spring at G, 
where it will run off constantly. Another small 
pipe, D, carries water from the upper box to the 
under one, B, or well, from which a syphon pro- 
cecds that joins with the former pipe: the bore of 
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the syphon is larger than the bore of the feeding 
pipe, D; as the water from this pipe rises in the 
well B, it will also rise as high in the syphon Ee F; 
and when the syphon is full to the top, e, the water 
will run over the bend and go off at the mouth, and 
will make a great stream at the spring, and that, 
stream will continue till the syphon has carried off 


all the water from the well; the syphon carrying off 


the water faster than the pipe brings water to it; 
and then the swell will cease, and only the water 
from the small pipe will run off, till the pipe fills 
the well again, when the operation will recom- 
mence. 1 | | 0 
A very elegant writer, On the Sublime and 
Beantiful, concludes his account of the passions 


thus: © The more accurately we search into the 


human mind, the stronger traces we eyery where 
find of his wisdom who made it. If a discourse 
on the parts of the human body may be considered 
as a hymn to the Creator, the use of the passions, 
which are the organs of the mind, eannot be barren 
of praise to him, nor unproductive to ourselves of 
that noble and uncommon union of science and ad- 
miration, which a contemplation of the work of 
infinite wisdom alone can afford a rational mind, 
while reſerring to him whatever we find of right, or 
good, or fair in ourselves, discovering his strength 
and wisdom even in our own weakness and imper- 
fection, honouring them where we discover them 
clearly, and adoring their profundity, where we are 
lost in our search: we may thus be inquisitive with- 
out impertinence, and elevated without pride. We 
may be admitted, if I dare say so, into the counsels 
of the Almighty, by a consideration of his works. 


This elevation of mind ought to be the principal 


end of all our studies, which, if they do not 
in some measure effect, are of very little service to 


us, . . N ; 
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With this view these Lectures were written; to 
open and exalt your minds, by giving you just views 
of the nature of your situation, both with respect to 
this world and that which is to come; and that, while 
I was enlightening your understandings, and dis- 
playing the beauties and glories with which you are 
environed, I might also ineline your wills to the pur- 
Suit and practise of goodness, render you friends to 
religion, and lead you to love its principles, adore 
its author, and practise its precepts. 

While you are taking lessons from Nature, and 
- examining the wonderful and variegated phenomena 
she presents to your eyes, shall we neglect to shew, 
that she continually leads to the true, the beautiful, 
and the good—to the Supreme Being, the source of 
all truth, the fountain of all good. 

Wise and good men have always admitted the al- 
hance between philosophy and divinity, and have 
pronounced, that nature was but half studied till it 
enabled us to contemplate the great objects of reli- 
gion with superior light. 
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APPENDIX TO LECTURE IV. 


or THE IMPROVEMENTS ON THE AIR-PUMP; ; 
PRECAUTIONS FOR ACCURATE EXHAUSTION 
DESCRIPTION OF MORE APPARATUS AND EXPE- 
RIMEN'TS ON THE ELASTICITY, PRESSURE, &c. 
OF THE AIR, WITH MISCELLANEOUS EXPERI- 
MENTS; AND COUNT RUMFORD'S IMPROV E- 
MENTS ON CHIMNEY FIRE-PLACES. 


Tun air pumps in most general use are made 
either with brass stop-cocks, or with oil-skin or 
leather valves, to prevent the return of the air into 
the receiver, out of which it had been exhausted. 
The pumps with stop-cocks, when well made and 
newly put together, are generally found to rarefy 
the air to a greater degree than those which are made 
with valves; but, after being some time used, they 
become less accurate than the valves. The valves 
are also imperfect; for the external air, pressing 
upon that in the piston, prevents its rising when the 
8 elastic force of the air in the receiver, under ex- 
haustion, is much diminished. | 
This inconvenience was entirely remoyed by a 
contrivance which cut off the communication be- 


- 
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** Our author having planned the lectures to a convenient 
length for any person to follow him in a course, it was judged best 
to add an Appendix to Lecture IV. that would give the intelligent 
reader an opportunity of being acquainted with a complete appa- 
ratus; and from which he might, at any time, make a selection, 
in order to extend his experiments, &c. I have added such ar- 
ticles as, I think, will be of further information. Ep1rT. 


+ Cuthbertson's Description of an improved Air-pump, 1787. 
Philos. Trans. for 1751, 1752, and 1783. 

American Trans. vol. i. Boston, 1785. | 
Nicholson's Journal of Natural Philosophy, Chemistry, &c, vol. i. 
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tween the inside of the barrels and the ontside air, 
some defects, however, remained; it will therefore 
be necessary to dwell a little longer on this con- 
straction, and to compare it more particularly with 
those usually made. | | 

I have already observed to you, that the valve at 
the bottom of an air-pump is opened by the spring of 
the air acting against it underneath, when the weight 
of the air is removed from the top of the valve, Hy 
raising the piston in the barrel. 

In order to remove this resistance from the top, 
the piston should be made to fit exactly to the valve 
plate, when put down upon it; for if there be any 
space between the bottom of the piston and valve, 
it will retain part of the air; and this air, even when 
the piston is at the highest, will; by-its expansion, 
in some measure, obstruct the opening of the valve. 

When the air in the receiver, or underneath 
the valve, is rarefied to an equal degree with the 
air contained in the barrel, the piston being 
drawn up to the highest, the valve cannot rise, 
because the resistance above is equal to the power 
below. . 

The resistance from this air contained in the 
barrel against the valve at the bottom will be uni- 
formly the same, while the piston is at the same 
distance from it, because the atmosphere is conti- 
nually pressing on the piston valve, and will pre- 
vent the air below passing through it, while this air 
is rarer than the atmosphere; and when the piston 
is put down to the bottom of the barrel, it will 
not escape through the piston, but only be com- 
pressed into the vacancy between the bottom of 
the piston, and the valve plate at the bottom of 
the barrel, and be of equal density with the at- 
mosphere. | 
Besides the resistance arising from the retained 
air, you are also to consider, that the weight of the 


\ 
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valve, its tenacity, its cohesion to the plate occa- 
sioned by the oil, and its being stretched tight over 
the hole, all increase the obstruction, especiall 

when the spring of the air under the valve is mue 

weakened by rare faction. 

If the resistance arising from these causes be 
taken into the account, the density of the air in the 
barrel, when compressed in the above- mentioned 
vacancy, will be as much greater than the density 
of the atmosphere above the piston, as is added 
thereto by this resistance, for this obstruction belongs 


to both valves. And so also when this retained air is 


expanded, say one hundred times, by raising the 
piston, the air in the receiver cannot be rarefied to 
the same degree, because of this resistance of the 
valve at the bottom of the barrel. 
These difficulties Mr. Smeaton endeavoured to 
remove, by exposing a much larger surface of the 
lower valve to the air underneath, by placing it on 
a kind of grate, which lessened the cohesion, while 
_ the size more power could apply to open the 
ve. | | 
He, in a great measure, removed the difficulty 
arising from the air retained in the barrel, by making 
the piston fit more nicely to the bottom, and by 
taking the weight of the atmosphere off the piston; 
this allowed the piston valve to open more easily, 80 
that much more of the air could pass through it. 
The weight. of the atmosphere was removed from 
the piston, by closing the top of the barrel with a 
plate, on which he fixed a collar of leathers; through 
this the cylindrical part of the piston rod moves 
air-tight. And the air, having passed through the 
piston, is forced out of the barrel through a hole 
in the top plate, over which is a valve to prevent 
the return of air when the piston descends, which 
is made to fit as exactly to the top as to the bottom of 


the barrel, to exclude the air more effectually, 


THE AIR-PUMP. 151 


This being understood, you will be able to see 
more clearly the value of the improvements made 
on the air-pump, by the Rev. Dr. Prince, of the 
Massachuset's State, who, judging from attempts 
already made, in order to lessen the imperfection of 
the valves, that if he could take away the valyes 
entirely, the rarefaction might be carried on still 
farther; he constructed a pump upon that plan. 
To effect this, he removed the lower valve, aud 
opened the bottom of the barrel into a cistern on 
which it is placed, and which has a free communi- 
cation with the receiver; for the valve on the upper 

late, at the top of the barrel, which is constructed 
ike Mr. Smeaton's, makes it unnecessary there should 
be any at the bottom, in order to rarefy the air in 
the receiver. | 

The cistern was made deep enough to allow the 

iston to descend below the bottom of the barrel. 

f the piston be solid, that is, without a valve, when 
it enters the barrel and rises to the top plate, which 
is made air-tight by a collar of leathers, it forces 
out all above it; and as the air cannot return into 
the barrel on account of the yalye on the top plate, 
when the piston descends there will be a vacuum 
33 it and the plate, every thing being supposed 

ect. 

But in working the pump, the piston only de- 
scends below a hole in the side of the barrel, near 
the bottom, which opens a free communication be- 
tween the barrel, cistern, and receiver. Through 
this hole the air rushes from the cistern into the 
exhausted barrel, when the piston has been dropped 
below it, and, by its next ascent, this air is forced 
out as the other was before. If the capacity of the 
receiver, cistern, pipes, &c. below the bottom of the 
barrel, taken together, be equal to the capacity of 
the barrel, half the remaining air will be expelled by 
every strokę. . | 


7 
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But as -working the pump with a solid piston 
would be laborious, on account. of the resistance it 
would meet with in its descent from the air beneath, 
though this would be lessened every stroke as the air 
becomes more rarefied, Dr. Prince pierced a hole 


through the piston, and placed a valye over it, which 


opened with sufficient ease to prevent any labour in 


working the pump, by allowing the air to pass through 
the piston in its descent. 


But the escape of the air does not necessarily de- 

d upon a passage through the piston, in obs to 
get into the barrel; for, when the air becomes so 
weak from its rarefaction, that it cannot open this 
valve, it will still get into the barrel, when the com- 


- Munication therewith is opened by the hole at the 
bottom. The piston will therefore descend as easily 


as any other, while at the same time its valve does 
not impede the rarefaction. Thus the valves, which 
Mr. Smeaton only made to open with more ease, are 
rendered unnecessary towards rarefying the air, while 
that at the bottom of the barrel is entirely removed, 
that on the top plate being the only one necessary 
for rarefying the air. FN. ek phe Foes 
Having thus set aside the valve, Dr. Prince's next 
attempt was to expel the air more perfectly out of the 
barrel, than by Mr. Smeaton's pump; and this he 
effected by, making a better vacuum. between the 
piston and the top plate, to allow more air to expand 
atself into the barrel from the receiver. _Removing 
the pressnre of the ani Nis from the valve on the 
pump-plate, by means of a small gump of the same 
construction with the large one, which he denomi- 
nates the valve pump; and the air will 'evacuate itself 


so much the more, as the valve of the piston opens 
with more ease, which is here the case. 


For the further peculiarities in this construction, 
J must refer you to the original paper of the author, 
as what I haye already related is fully sufficient to 


= 
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render you master of the principles on which it 
acts. | | | 


ox THE SUCCESSIVR DEGREES IN WHICH THE AIR 
IS RAREFIED BY A COMMON AIR-PUMP. 


As you are now sufficienly acquainted with the 
fabric and contrivance of the pump, so as to under- 
stand in general the manner of its operation, I shall 
now enter on some particulars which have not been 
hitherto considered. - - | 

It may, perhaps, on a first view not seem impro- 
bable, that an equal evacuation is made at each stroke 
of the pump, and consequently that the receiver may, 
after a certain number of strokes, be perfectly ex- 
hausted; for it must be allowed, if an equal quantity 
of air be taken away at every stroke, that the receiver 
will in time be perfectly exhausted, how small soever 
those equal quantities which are continually taken 
away may be supposed to be. Thus, if the air which 


* It is proper to notice here a material alteration in construct- 
ing Dr. Princz's pump, and which I have observed to be attended 
with, seemingly, the best possible effect. It eppears to have 
been suggested by an ingenious workman of our late author, 
and to all the best pumps he lately made, as represented in 
plate 1, fig. 1, was applied with certain success. The opening 
. the lower valve of the barrel, communicating with the receiver, to 
obtain the utmost rarefaction, after the rarefied air in the receiver 
can no longer of itself raise it, has been the object of all the great 
names hitherto cited. In this contrivance, one of the lower flexible 
oil-skins, or leather valves in the two barrels is attached to a brass 
ring, which is allowed an interval of motion of n of an inch; a long 
wire is fixed to a bar over the diameter of the ring, this wire goes 
up the body of the piston and rod, through a collar of leathers in the 
Piston. It is the friction of these leathers upon the rod, moving 
upwards and downwards, that occasinally raises and depresses the 
lower valve, and thereby opening a'communication with the barrel 
and receiver, and, of course, exhausting to as great a degree as the 
nature of the air itself appears to admit. By a comparison of the 
height of the mercury in a good barometer tube, I observed not 
above the 2, of an inch difference with that of the barometer 
gage to the pump; consequently, the rarefaction was about 1200 
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goes out of the receiver at each turn of the pump, be 
ut the hundredth part of what was at first included 
in the receiver, it is certain, that a total evacuation 


RX will be made after an hundred turns. That things 


are thus, may at first view, I say, seem not impro- 
| bable; but if we consider the matter more nearly, 
we shall find it to be far otherwise. eto 
What I shall endeavour to make out to you is this; 
that the quantities exhausted at every 'stroke are not 
equal, but are perpetually diminished, and grow less 
always $0 long as you continue to work the pump: 
that no receiver can ever be perfectly and tre 
evacuated, how long time soever you employ for that 
purpose, notwithstanding that the engine be abso- 
ately free from all defects, and in the greatest per- 
fection which can be imagined, It may appear to 
be a paradox, that a certain quantity of air in the 
receiver should be removed at every turn of the 
pump, and yet that the whole can never be taken 
away; but I hope I shall easily satisfy you that it is 


times; and I judge it to be equal in power to what is said of Mr. 
Crthbertson's, or any pump whatsoever. In some of these pumps 
that are now making, I intend to bring the power to a proper 
and impartial trial. It may be necessary to give the reader some 
idea of Mr. Cuibbertson's pump. Its operation is entirely by in- 
flexible metallic valves, and the lower ones communicating with 
the receiver; each raised by a wire sliding in the inside of the 
shank of the piston, the end of which, when the piston is in motion 
downwards, shuts the hole forming the communication with the 
receiver; and, on the contrary, opens it again when drawn up- 
wards. 
It is therefore, perhaps, now a point to be determined, whether a 
flexible oil-skin or leather valve, or an inflexible metallic one, is the 
best for rendering permanent the action and condition of a good 
Air-pump; at present, from there being but few of either Allen 
under my inspection, I cannot presume to decide. The oil, a ne- 
cessary ingredient to the perfect and pleasant action of the pump, 
is also subject to a slight impurity and coneretion, after a pump 
has been laid aside for some time; and this, with dust, &c. will 
get considerably about the valves in the barrels, and, I think, be 
more liable to put out of order metallic valves, than oil-sk in 2 


the former being inflexible, a small particle of dirt will prevent i 
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not a mistake. Lastly, that I may not seem too 
muth to depreciate the value of our engine, I have 
this further to say for it, that though it be impossible 
by its means to procure a perfect vacuum, yet you 
may approach as near to it as you please. By a per- 
fect vacuum here, I mean in respect of air only, not 
an absolute vacuity in respect of every thing which 
is material; for, not to mention what other subtile 
bodies may possibly be lodged in our receivers, it is 
matter of fact, that the rays of light are not excluded 
from thence. a 
In order to make out these assertions, I shall in 
the first place lay down this rule That the quantity 
of air which is drawn from the receiver at each 
stroke of the pump, bears the same proportion to the 
uantity of air in the receiver immediately before 
that stroke, as the capacity of the barrel into which 
the air passes from the receiver does to the capacity 
of the same barrel and the capacity of the receiver 
taken together. You may remember, that in each 


close contact over the hole, and impede the action of the pump, 
when the flexible one would yield about such an obstruction, and 
still cover enough of the plate to shut the hole. Exclusive of these 
considerations, the merits of the American pump improved and 
Mr. Cutbbertson's, I recommend as equal and as the best of any that 
we could engage to make. hy. 
From these observations it is evident, that the large best pumps 
should always be * locked up in close well-made cases, when not 
in use. A little oil poured in at the hole of the receiver plate will 
on at any time clear the holes and the valves, and make the action 
ect. | 
1 new air- pump by J. Sadler, Esq. to act by a moving volume 
of oil has been published by Mr. Nz:cholson in his Journal, 
p. 441, I have no knowledge of its practical effects, A large 
quantity of oil is certainly an objection with the generality of per- 
sons who buy these instruments for the purposes of lectures, and 
instructive experiments only; for, should the oil, by the unskilful- 
ness of the operator, or leakiness of the instrument, be spilt upon 
the table, there would be no accident considered so disagreeable and 
offensive as this; and in cold weather the oil has been found ta 
have its fluidity impaired or spoiled, particularly when a quantity 
bas been kept for any time in contact with brass. Eprr. 
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barrel there are two valves, whereof the lower is 
placed at the bottom of the barrel, and the upper is 
fixed upon the piston. Now, the hollow space which 
lies betwixt these valves, when the piston is raised as 
high as it can go, 1s what I call the capacity of the 
barrel; for the other part of the cavity of the barrel, 
which is above the piston and the upper valve, is of 
no use in evacuating the receiver, and therefore 
ought not here to be considered. Upon a like ac- 
count, by the capacity of the receiver, I mean not 
only the space immediately contained under the 
receiver, but also all those other hollow spaces which 
communicate with it, as far as to the lower valves: 
such you may remember are, the cavity of the pipe 
which conveys the air to the barrels, and the cavity 
in the upper part of the gage above the quicksilver. 
These additional spaces are very small and inconsi- 
derable; yet, if we would be exact, they also must 
be taken into the account and looked upon as parts 
of the receiver. Now, to understand the truth of 
this rule, we must observe that, as the piston is 
moved upwards from the bottom of the barrel, it 
would leave a void space behind it, but this effect is 
evented by the rushing in of air from the receiver. 
The air, you know, by its elasticity is always endea- 
vouring to expand itself into larger dimensions, and 
it is by this endeavour that it opens the lower valve, 
and passes into the hollow part of the barrel as the 
piston gives way to it; and this it will continue to 
do, till it comes to have the same density in the bar- 
rel as in the receiver; for, should its density in the 
barrel be less than in the receiver, its elastic force, 
which is proportionable to its density, would be less 
also, and therefore it must still give way to the air in 
the receiver, till at length the densities become the 
same. The air then, which immediately before this 
stroke of the pump, by which the piston is raised, 


was contained in the receiver only, is now uniformly. 
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diffused into the receiver and the barrel; whence it 
appears, that the quantity of air in the barrel is to 
the quantity of air in the barrel and receiver toge- 
ther, as the capacity of the barrel is to the capacity 
of the barrel and receiver together. But the air in 
the barrel is that which is exeladed i from the receiver 
by this stroke of the pump, and the air in the barrel 
and receiver together is what was in the receiver 
immediately before the stroke. Therefore the truth 
of the rule is very evident, that the quantity of air 
which is drawn from the receiver at each stroke of 
the pump bears the same proportion to the quantity 
of air in the receiver immediately before that stroke, 
as the capacity of the barrel into which the air passes 
from the receiver does to the capacity of the same 
barrel and the capacity of the receiver taken t 
ther. To illustrate this further by an example, let 
us suppose the capacity of the receiver to be twice as 
great as the capacity of the barrel; then will the 
capacity of the barrel be to the capacity of the barrel 
and reamver together as one to three, and the quan- 
rity of air exhausted at each turn of the pump is to 
the quantity of air which was in the receiver imme- 
diately before that turn, in the same proportion. So 
that by the first stroke of the pump, a third part of 
the air in the receiver is taken away; by the second 
stroke, a third part of the remaining air is taken 
away; by the third stroke, a third part of the next 
remainder is exhausted; by the fourth, a third part of 
the next; and so on continually; the quantity of air 
evacuated at each stroke diminishing in the same 
proportion with the uy of air remaining in the 
receiver immediately before that stroke: for it is 
evident, that the third part, or any other determinate 
part, of any quantity, must needs be diminished in 
the same proportion with the whole quantity itself. 
And this may suffice for the proof of what I asserted 
in the first place, yiz. that the quantities exhausted 
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at every stroke are not equal, but are perpetually 
diminisbed. _ . Nl ; 
ILchall now proceed to shew that the air remaining 
in the receiver, after every stroke, is diminished in a 
geometrical progression. It has been proved that 
the air remaining in the receiver, after each stroke 
of the pump, is to the air which was in the receiver 
immediately before that stroke, as the capacity of the 
receiver is to the capacity of the barrel and receiver 
taken together; or, in other words, that the quantity 
of air in the receiver, by each stroke of the pump, is 
diminished 1n the proportion of the capacity of the 
receiver to the capacity of the barrel“ and receiver 
taken together; each remainder 1s, therefore, ever- 
more less than the preceding remainder in the same 
given ratio; that is to say, these remainders are in 
a geometrical progression continually decreasing, 
Let us return again to our former example, which 
may afford a somewhat different light into this mat- 
ter. The quantity exhausted at the first turn, you 
remember, was a third part of the air in the receiver, 
and therefore the remainder will be two-thirds of the 
same; and, for the like reason, the remainder after 
the second turn will be two-thirds of the foregoing 
remainder, and so on continually, the decrease being 
always made in the same proportion of two to three; 
consequently, the decreasing quantities themselves 
are in a geometrical progression. It was before 
proved that the quantities exhausted at every turn 
did decrease in the same proportion with these re- 
mainders; therefore the quantities exhausted at every 
turn, are also in a geometrical progression. Let it 
then be remembered, that the evacuations and the 
remainders do both of them decrease in the same 
geometrical progression. If the remainders do de- 


As one barrel of a double one acts only at a time, this reasoning 
applies to both single and double barrels. EDI. 
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crease in a geometrical progression, it is certain you 
may, by continuing the agitations of the pump, ren- 
. der them as small as you please; that is to say, you 
may approach as near as you please to a perfect 
vacuum; but, notwithstanding this, you can never 
entirely take away the remainder, If it be said that 
you may, I prove the contrary thus: before the last 
turn of the pump, which is said wholly to take away 
the remainder, it must be confessed there was a re- 
mainder; this remainder, by that last turn of the 
pump, will only be diminished in a certain propor- 
tion, as has been before proved; therefore it was 
falsely said to be totally taken away. 

There are three kinds of gages used with the air- 
pump to measure the degrees of exhaustion; the 
first, called the long barometer gage; the second, 
the short barometer gage; the third, the pear gage, 
or manometer. The two first shew the elasticity of 
the fluid in the receiver, but do not determine whe- 
ther it be permanently elastic air; the third shews 
the density of the air leſt in the receiver, without 
regarding such vapours as may assume an elastic 
form in the vacuum, plate 1, fig. 11. The short 
gage is often made in the form of an inverted sy- 
phon, with one leg open, and the other hermetically 
scaled; this is sometimes called Mairan's gage, 
plate 1, fig. 12. | 

It may not be improper in this place to say 80me+ 
thing concerning the gradual ascent of the quick- 
Silver in the long barometer gage, upon which we 
have made some experiments. You have observed, 
that as we continue to pump, the quicksilver conti- 
nues to ascend, approaching always more and more 
to the standard altitude in the weather glass, which, 
22 know, is about twenty- nine and an half inches, 

ing a little under or over according to the variety 
of seasons. What I shall now endeavour to make 


aut to you is this: that the defect of the height of 


* 
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the quicksilver in the gage from the standard alti- 
tude, 1s always proportionable to the quantity of air 
which remains in the receiver; that the altitude it- 
self of. the quicksilver in the gage is proportionable 
to the quantity of air which has been exhausted from 
the receiver; that the ascent of the quicksilver, upon 
every turn of the pump, is proportionable to the 
quantity evacuated by each turn. 

In order to understand these assertions, you are 
to consider, that the whole pressure of the atmos- 
phere upon the cistern of the gage is equivalent to, 
and may be balanced by, a column of quicksilver of 
the standard altitude. Therefore, when in the gage, 
the quicksilver has not yet arrived to the standard 
altitude, it is certain, the defect of quicksilver is 
supplied by some other equal force; and that force 
is the elastic power, of the air yet remaining in the 
receiver, which communicating, as you remember, 
with the upper part of the gage, hinders the quick- 
silver from ascending, as it otherwise would do, to 
the standard altitude. The elasticity of the air in 
the receiver is then equivalent to the weight of the 
deficient quicksilver: but the weight of that defi- 
cient quicksilver is proportionable to the space it 
should possess, or to the defect of the height of the 
. in the gage froni the standard height: 
therefore, the elasticity of the remaining air is also 
proportionable to the same defect. And since it was 
formerly proved, that the density of any portion of 
air is always proportionable to its elasticity, and the 
quantity, in this case, is proportionable to the den- 
sity, it follows, that the quantity of air remaining 
in the receiver is proportionable to the defect of the 
quicksilver in the gage from its standard altitude, 
which was the first thing to be proved. Hence it 
follows, that the quantity of air, which was at first in 
the receiver before you began to pump, is propor- 
tionable to the whole standard altitude, and conse- 
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quently, the difference of this air, which was at 
in the receiver, and that which remains after any 
certain number of turns, that is, the quantity of air 
exhausted, is proportionable to the difference of 
the standard altitude, and the before-mentioned de- 
fect, that is, to the altitude of the quicksilver in the 
after that number of turns; which was the se- 

cond thing to be proved. And from hence it follows, 
that the quantity of air exhausted, at every turn of 
the pump, is proportioned to the ascent of the quick- 
silver upon each turn, which was the last thing to 
be made out. And these conclusions do very well 
with the experiments, which shewed us the 
quantity of air that was exhausted by the quantity of 
water, which afterwards supplied the vacant place 
of that air in our receiver, Let it then be remem- 
bered, that the quantity exhausted at each turn is 
ionable to the ascent of the quicksilver upon 

that turn; that the whole quantity exhausted, from 
the time you began to pump, is proportionable to the 
whole altitude of the quicksilver; that the quantity 
remaining in the receiver is proportionable to the 
defect of that altitude from the standard. To come 
now to the application of the other experiments 
which we made this day: we found, you remember, 
that the several ascents of the quicksilver in the 
gage, upon every turn of the pump, were dimi- 
nished in a geometrical progression; and it has just 
now been proved, that the quantities of air exhausted 
at each turn, are proportionable to those ascents. 
Therefore, we may safely conclude, from experiment 
also, what we before collected by a train of reason- 
ing; that the quantities of air exhausted at every 
turn of the pump are diminished continually in a 
geometrical progression. Furthermore, since those 
ascents are the differences of the defects from the 
standard altitude, upon every successive turn of the 
pump; it follows, that the defects also are in the 
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same decreasing . geometrical progression. For it is 
a general theorem, that all quantities, whose differ- 
ences are in a geometrical progression, so long as 
the quantities continue to have any magnitude, are 
themselves also in the same geometrical progression. 
The defects being then in a decreasing geometrical 
progression, and the quantities of air remaining in 
the receiver being proportionable, as was lately 
proved, to the defects; it follows, from the same 
experiments, that the quantities of air which re- 
main in the receiver after every turn of the pump, 
do decrease in a geometrical progression; which 
was the other thing concluded also by a train of 


reasoning. | 1 15 3x; 

The short gage, O P, plate 1, fig. 2, consists of a 
tube six or eight inches long, filled with mercury, 
and inverted in a small bason thereof, in the same 
manner as the common barometer; in this the mer- 
cury does not begin to descend till about three- 
fourths of the air is exhausted, after which it begins 
to shew the degree of exhaustion, which is in pro- 
portion as the height of its column to the height of 
the mercury in the common barometer. 0 

The pear gage, plate 1, fig. 11, would be the 
most accurate of any, if it were not that most fluid 
substances, as has been fully proved by Mr. Nairne, 
assume an elastic form; when the pressure of the at- 
mosphere is removed, it therefore seldom indicates 
the elasticity, or actual pressure of the fluid, remain- 
ing 1n the receiver. 

By this gage, Mr. Nairne discovered, that se- 
veral substances, when placed under a receiver, will, 
during the time of exhaustion, emit a kind of va- 
pour or damp, which, by its expansion, will drive 
and force out most of the permanent air; but that 
when the pressure of the air is restored, this vapour 


Joses its expansibility, and is condensed into its 
former state. 


* 


BY THE AIR-PUMP. 163 


Hence this gage will sometimes indicate, that all 
the permanent air is exhausted out of the receiver, 
except about rs55s part, when other gages do not 
shew a degree of exhaustion of more than 200 times; 
sometimes much less. 

The pear gage, plate 1, fig. 11, consists of a bulb 
of glass, something in the shape of a pear, and suf- 
ficient to hold about half a pound of quicksilver: 
it is open at one end, and at the other is a tube, 
hermetically closed at the top. By the help of a nice 
pair of 8 you find what proportion of weight 
a column of quicksilver, of a certain length, con- 
tained in the tube, bears to that which filled the 
whole vessel: by these means you will be enabled 
to mark divisions upon the tube, answering to a 
1000th part of the whole capacity; which, being 
about one-tenth of an inch each, may, by estima- 
tion, be easily subdivided into smaller parts. This 
gage, during the exhausting of the receiver, is sus- 
pended therein by a slip wire. When the pump 
is worked as much as shall be thought necessary, 
the gage is pushed down till the open end is im- 
merged in a cistern of quicksilver, placed under- 
neath; the air being then let in, the quicksilver 
will be driven into the gage, till the air remainin 
in it becomes of the same density with the external; 
and as the air always takes the highest place, the 
tube being uppermost, the expansion will be deter- 
mined by the number of divisions occupied by the 
air at top. 8 af 
Mr. Nairne put the short barometer gage, and 
the pear gage, with a glass cup, having a wooden 
foot, both together under the receiver, which re= 
ceiver was placed on a leather, soaked in oil and 
tallow, on the plate of the pump; the pump was 
then worked for ten minutes, and the quicksilver 
was brought down in the short barometer gage to 
about one-tenth of an inch of the surface of the 

L 2 
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quicksilver in the cistern, and rose in the long 
barometer gage to within one-tenth of an inch of 
the height * the quicksilver in a standard ba- 
rometer, which was at that time at thirty inches; 
by which it appeared, that the pressure on the sur- 
face of the quicksilver in the cistern, and in the 
tube of the long barometer gage, was diminished 
to about a 300th part: the pear gage being now 
pushed down till its apes end was unmersed under 
the surface of the quicksilver in the cup, the air was 
then let in, and the pump appeared by that gage to 
have exhausted all but a 6,000th part of the air; or, 
in other words, the degree of exhaustion by this gage 
appeared to be six thousand times. 

r. Nairne made many other experiments, all 
maniſesting à considerable disagreement between 
the pear and other gages. These differences Mr. 
Cavendish accounted for in the following manner: 
It appeared,” he said, from some experiments, 
that water, whenever the pressure of the atmos- 
phere on it is diminished to a certain degree, is im- 
mediately turned into vapour, and is as immediately 
turned back again into water on restoring the pres- 
sure. This degree of pressure is different accord- 
ing to the heat of the water: when the heat is 
72* of Fahrenheit's scale, it turns into a vapour as 
soon as the pressure is no greater than that of 
three quarters of an inch of quicksilver, or about 
one-fortieth of the usual pressure of the atmosphere; 
but when the heat is only 415, the pressure must be 
reduced to that of a quarter of an inch of quick- 
silver, before the water turns into vapour. It is 
true, that the water, exposed to the open air, will 
evaporate at any heat, and. with any pressure 
the atmosphere; but that evaporation is entirely 
owing to the action of the air upon it: whereas 
the evaporation, here spoken of, is performed with- 
out any assistance from the air. Hence it follows, 
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that when the receiver is exhausted to the above- 
mentioned degree, the moisture adhering to the 
different parts of the machine will turn into vapour, 
and supply the place of the air, which is continually 
drawn away by the working of the pump; so that 
the fluid in the pear gage, as well as that in the re- 
ceiver, will consist in good measure of vapour. 
Now letting the air into the receiver, all the yapour 
within the pear gage will be reduced to water, and 
only the real air will remain uncondensed; conse- 
quently, the pear gage shews only how much real 
air is left in the receiver, and not how much the 
pressure or spring of the included fluid is dimi- 
nished; whereas, the common gages shew how much 
the pressure of the included fluid is diminished, 
and that equally, whether it consist of air or of va- 
ur.” 

ole Cavendish having explained so satisfactorily 
the cause of the disagreement between the two 
gages, it appeared, that if moisture were avoided as 
much as possible, the two gages would nearly agree, 
which was proved by a variety of experiments, from 
which the following are selected: 

The plate of the pump being made as clean and 
as dry as possible, there was then put on it the be- 
fore-mentioned short barometer gage, also the pear 
gage, with a cistern entirely of glass, which held the 
quicksilver; they were then covered with a receiver, 
round the outside of which was laid a cement, which 
perfectly excluded the outward air; every part be- 
fore it was put under the receiver, as well as the 
receiver itself, being made as clean and as free from 
moisture as possible.“ The pump was then worked 


* It may be r here to take notice, that the pump in every 
experiment hereafter-mentioned was worked in ten minutes, and 
the same receiver continued cemented to the pump plate, except 
where it is otherwise mentioned. The top part of this receiver Was 
made to open, in order to put in different things. | 
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for ten minutes, and the barometer gages indicated 
a degree of exhaustion-nearly 600: the air was then 
let into the receiver, the pear gage indicated a de- 
gree of exhaustion, but very little more than 600 also. 
The near agreement of the pear gage with the ba- 
rometer gages, in this last experiment, in which 
moisture was excluded as much as possible, seemed 
to prove, beyond a doubt, that their disagreeing 
must have been owing, as Mr. Cavendish supposed, 
to the moisture, which in them had not been so care- 
fully excluded. But, as there might arise a vapour 
from some moisture that might be contained in the 
leather soaked in oil and tallow, or in the wooden 
foot, which was cemented to the glass cup, the fol- 
lowing experiments were tried: 

A piece of leather dressed in allum, known by the 
name of white sheep-skin, of about four inches di- 
ameter, which had been soaked in oil and tallow 


about a year ago, such as was used to place the re- 


ceiver on in the first and second experiments, w 

put into the receiver; the pump was then — 
and the barometer gage indicated a degree of ex- 
haustion of nearly 300; but, on the admission of the 
air, the pear gage indicated a degree of exhaustion 
of 4,000. 

The piece of leather being taken out, the pump 
was then worked, and the degree of exhaustion ap- 
peared, by both the barometer and pear gages, to be 
about 600, as in the third experiment. 

A cylinder, made of a piece of box wood, which 
had been kept for more than a year, one inch in 
diameter, and three inches in length, was put into 
the receiver, this piece of wood was of the same kind 
as that which was cemented: to the foot of the glass 
cup, used in the first and second experiments, the 
poor was then worked, and the degree of ex- 

austion appeared by the barometer gage to be 00, 
— of the pear Page 16,000, 
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These experiments were often repeated, but the 
result was seldom the same. When leather soaked 
in oil and tallow has been put into the receiver, the 
ru gage has sometimes indicated a degree of ex- 

austion of 20,000, and sometimes no more than 
500; it likewise differs very much with the box 
wood, which may perhaps be owing to different de- 
grees of heat and moisture. 

From these experiments it is evident, that there 
arises an elastic vapour from the leather dressed in 
allum, and soaked in oil and tallow, and also from 
the piece of box wood, when the weight of the at- 
mosphere has been partly taken off by the action of 
the pump; and that this vapour presses upon the 
surface of the quicksilver in the tube of the long 
barometer gage, and of that in the cistern of the 
short one; and that, consequently, the testimony of 
both these gages must be influenced by this vapour, 
as well as by the small remainder of common air: 
but as it is the nature of the pear gage not to give 
its testimony till the remaining air contained in it is 
pressed, so as to become of the same density of the 
atmosphere, and as this vapour cannot subsist in the 
form of vapour under that pressure, this gage is not 
at all influenced by it, but indicates the remaining 
quantity of permanent "air onl y. 


PRECAUTION FOR ACCURATE EXAUSTION, 


From the foregoing experiments it is evident, that 
when accurate experiments are required, the receiver 
must not be placed upon leather either oiled or 
soaked in water; but that the plate of the pump 
should be made as dry as possible, the inside of the 
receiver should be dried and rubbed with a warm 
cloth: the receiver may then be set upon the plate, 
_ hog's lard, either alone or mixed with oil, be 

3 round its outside edge. With these pre- 
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cautions, the pump will shew its greatest power of 
exhaustion, and what remains in the receiver, which 
the pump would not exhaust, will be permanent 
air, 2 1 25 - 
Particular care should be taken, after making any 
experiments, where vapour has been generated, to 
clear the pump of it, before any other experiments 
are attempted; for this fluid or vapour remains not 
only in the receiver, but also in the tubes and bar- 
rels of the pump, and will, when the air is again 
rarefied, expand as before. 

To clear the pump of this vapour, take a large 
receiver, and, wiping it as before directed, exhaust 
it as far as possible. The expansible vapour, which 
remained in the barrels and the pipes, will now be 
diffused through the receiver, and, consequently, 
will be as much rarer than it was before, as the ag- 
gregate capacity of the receiver is larger than that of 
the pump and pipes. If the receiver be large, one 
exhaustion will be sufficient to clear the pump 80 
far, that what remains can be of no consequence. 
If the receiver be small, the operation should be 
repeated two or three times. 

It may be proper to observe here, that for the 
best pumps, the plate and edges of the receivers 
are ground so true, as not to require any leathers; 
but, as setting the receivers dry upon the plate is 
apt to scratch and spoil it, you will find it always 
useful to spread a little hog's lard or tallow upon 
their edges. This prevents the edges of the re- 
eeivers from damaging the plate, and does not 
emit any vapour. ä 

To which I may add, that in all cases it is readier 
and better to rub the bottom edge of the receiver 
with a tallow candle, letting the tallow be laid 
thereon about the thickness of a shilling. If this 
is neatly managed, I think it less disagreeable than 
in using of oiled leathers ; and to prevent the tallow 
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smearing the table, it is only, on removing the re- 
ceivers, to place them on a sheet of paper till cleaned. 
With respect to the leathers, and to connect truly 
the receivers to the pump plate, and to make the 
junction air-tight, they are either previously soaked 
in water, oil, or in a mixture of melted bees wax 
and hog's lard. Soaked leathers, or tallow, must 
always be placed, whenever a plate is fitted on a 
receiver, or in any other case where two pieces are 
to be so connected together, as to be air- tight; 
modified pomatum has been used for the purpose. 
The operator should be provided with a variety of 
glass receivers of different sizes, some open at the 
top, as shewn in plate 1, fig. 9; and some close, 
fg. 10. A brass ground plate, or round piece of 
4 ah may be used occasionally to place on the top 
of an open receiver, to make it a close one. He 
should also have two or three small jars, with holes 
in their feet, for to contain beer, water, and to sup- 
port eggs, fruit, &c. 


ADDITIONAL EXPERIMENTS TO SHEW THE EX 
PANSIVE POWER OR THE ELASTICITY OF THE 
AIR. 


If an egg be placed at the bottom of a tall jar of 
water, and then covered with a receiver, upon ex- 
bausting the air, there will appear several jets or fine 
streams of air rising through the water from several 
parts of the egg; and as a vacuum approaches, the 
air will escape out of the pores all over the surface of 
the egg, and stand in little pearl-like bubbles upon 
the same. The egg will also be expanded in bulk 
by the internal air, so that it will be rendered al- 
most as light as the water, and be raised on one 
end; and sometimes be made lighter than the water, 
and rise to the top, though this is not a very com- 
mon case. Also the expansion of the internal air 
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will sometimes crack the shell, though this but rarely 
happens. Note, these experiments sucteed best 
with large and new-laid eggs. 

Upon letting the air into the receiver, the jets 
all cease, and the pearly globules of air re-enter 
their pores, and totally disappear. The egg, too, 
is plainly seen to contract its dimensions, to become 
heavier, and to rest on the side. But, in lieu of 
the air, which has made its escape in the jets, the 
pores or parts deserted by it are filled with water by 
the returning pressure of the atmosphere upon that 
in the jar. 

The air- bubble destined for the production of the 
chick is, therefore, not that which rises in jets from 
the great end of the egg, for if that could transpire 
through the pores of the shell, it would fly off and 
be lost; but this is not the case, for if a hole be made 
at the little end of the egg of the last experiment, 
and it be placed on a glass covered with a receiver, 
m_ appear upon exhausting, that the contents of 
the egg will be protruded in the same manner as 
before, and, consequently, from the same cause, viz, 
the included bubble of air in the great end. 

By these, and such like experiments on eggs, 
it appears that they are pervious to the particles of 
air, which, by their constant action on the contents 
of the egg, tend to produce an alteration, separation, 
and at length, putrefaction, or addleness in the egg; 
which, therefore, may in a great measure be pre- 
vented by gluing up the pores with hard varnish, 
ising-glass, glue, &e. and thus prepared, it is said 
they will keep through an East-India voyage. 

If a shrivelled apple be put upon a 8 
brass wire, fixed in a heavy base or foot to carry the 
apple to the bottom of the jar filled with water, the 
same streams of air will be seen to arise from the 
pores of the apple upon exhausting the receiver, as 


appeared before from the egg, but vastly more nu- 
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merous. The bulk of the apple will also be in- 
creased, and the wrinkles all disappear; so that it 
will look near as smooth and fair as when first ga- 
thered. As long as the apple continues in vacuo, 
so long will the jets or streams of air continue to 
ascend; but, turn the cock, and let in the air, and 
immediately the jets of air disappear, and the pearly 
bubbles all over the surface creep again into their 
respective pores, the apple sensibly shrinks in, and 
becomes withered as at first. 

Upon the return of the air into the receiver, it 
falls upon the water, and compresses it into the pores 
of the apple deserted by the air, and which becomes 
evident in making the surface of the _ look 
spotted, like a face soon after the small 

If a weight be tied to the neck of a — bladder, 
and then immersed in a jar of water, and put under 
the receiver, as soon as the pump is worked, the 
bladder begins to expand, and continues till it be- 
comes so considerable, as to raise the weight con- 
nected with it to the top of the water, similar to the 
action of a balloon inflated with inflammable air. 
When the air is let in, the bladder shrinks and 
descends to the bottom. 

Plate 1, fig. 13, represents a glass vessel, over 
the mouth of which a thin bladder. is tied; it is 
placed under a receiver on the plate of the pump; 
when the air is drawn out of the receiver, the elastic 
action or spring of that included in the vessel strikes 
outward on the bladder so as to burst or crack it. 
This is an effect contrary to the one described in 
page 60, that being by the pressure of the air. 

Plate 3, fig. 9 represents what is usually, but 
very improperly, called the lungs glass. A bladder 
is tied round a small pipe from the cover; when this 
apparatus 1s placed under a receiver, and the air 
partly withdrawn from the bladder through the hole 
at 4, the spring of the surrounding air in the bottle, 


172 EXPERIMENTS ON THE 


which cannot escape, compresses the bladder; when 
the air is let in, the bladder expands; and these 
motions have been supposed analogous to those of 
the lungs. | 105 


EXPERIMENTS ON THE PRESSURE OF THE AIR. 


Place a brass or glass cone, plate 1, fg. 15, over 
the center hole of” the pump plate, and the hand 
will, after the air has been a little exhausted, be 
pressed down by the external air, as already noticed 
in page 61, with a great weight, and a considerable 
part of the palm will be forced into the glass, and 
occasion a sensation vulgarly called sucking. Now, 
as the other parts of the — have a greater pressure 
on them than that part which is under the receiver 
and exposed to the vacuum, the fluids in the body 
will be driven towards the part under the glass, and 
cause this part to swell and be stretched out; but 
this is also increased by the elasticity of the air con- 
tained in the flesh, which will expand and distend 
the flesh when the external pressure is removed. 

Place a receiver on the plate of the air-pump, 
exhaust the air from it, and the receiver will be so 

down against the plate by the external air, 
that it will be exceedingly difficult to separate it 
from the plate of the pump, without re-admitting 
the air; this will not appear surprizing when we 
consider that the glass is pressed down with a force 
equal to as many times fifteen pounds as there are 
square inches which are covered by the opening at 
the bottom of the receiver. 

To prove that the receiver is held down by the 
pressure of the air on its external surface, and not by 
any suction, in plate 1, fig. 17, you have an appa- 
ratus represented, which is en aer. to prove that 
the receivers, &c. are not confined to the pump 
plate by suction, but by external pressure. Lo 
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effect this, the air is first exhausted from the two 
receivers, you then let down the small receiver upon 
the plate, by means of the wire passing through a 
collar of leathers, when it will be loose and easily 
removed, but on letting the air in rapidly, it falls 
upon the small receiver, and fixes it upon the plate. 

Plate 1, fig. 15 represents a piece of flat window 
glass, placed upon a brass cone, and set on the plate 
of the pump; on exhausting the air, the glass will 
be broke to pieces. 

Plate 1, fig. 19 is a strong steelyard, made to 
investigate or prove the pressure of the air on the 
Otto Guericke's hemispheres, in the proportion of 
about fifteen” pounds on every square inch: the na- 
ture of its action is too evident to need explanation 
here. If the diameter of the hemispheres be four 
inches, the area is 12.55 square inches, which mul- 
tiplied by 15 give nearly 188 lbs. the power requi- 
site to separate them, and shewn by the action of 
the steelyard. The exhausted hemispheres will of 
themselves come asunder under an exhausted re- 
ceiver. 

For experiments on the spring of the air in the 
pores of bodies, see the next Lecture. 


MISCELLANEOUS EXPERIMENTS. 


Set a clean receiver upon the plate of a pump, and 
degin so exhaust it; then hold a candle to the side 
of the receiver opposite to your eye, several colours 
like a halo will appear about the candle; these co- 
lours are perceived at the beginning of the exhaus- 
tion. The appearance is occasioned by the vapour 
which rises from the wet leathers, and the refraction 
of the light through these vapours. 

Plate 3, fig. 5 represents the pipe for burnt air; 
pes this on the top of an open receiver, and ex- 
haust the air as usual; then place the end of the 
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pipe in the middle of a charcoal fire, and open the 
cock; the deleterious: air from the charcoal will 
then pass through the pipe. into the receiver: re- 
move the pipe from the receiver, and let a small 
piece of wax-taper down into it, which will imme- 
diately go out. | | 

Place a candle lighted under a tall receiver; on 
exhausting the air, the candle will go out, and the 
flame will ascend-to the receiver. T 

The flame would be soon extinguished in a close 
receiver, though the air be not exhausted. 

The small apparatus containing gun-powder, 
plate 3, fig. 6, is to be placed on the top of a tall 
receiver, and a red-hot iron laid on a stand upon 
the pump-plate; exhaust the air, and then let fall a 
few grains of the gun- powder on the iron, where 
it will melt and dissolve, but not flash and explode: 
the receiver should be again exhausted before any 
more grains of powder are let down. | 

AB, plate 2, ig. g, is a balance, to one end of 
which 1s suspended a piece of lead, which is in equi- 
librio with a piece of cork at the other end of the 
beam. Place the beam and stand under a receiver, 
and, having exhausted the air, the cork will prepbn- 
derate; for, as its bulk 1s greater than that of the 
piece of lead, it must be more sustained by the air: 
re-admit the air, and the equilibrium is restored. 

For, as bodies which are immerged in fluids are 
known to lose a part of their weight, equal to the 
weight of a quantity of the fluid of the same bulk 
with the immerged body, consequently, bodies of 
different specific gravities, which are in equilibrio 
in air, will not be so in vacuo; for here they will 

in that weight which they lost in air, and the 
body of the greatest bulk will gain the most. 
Fi{Plate 2, fig. 10 is a more elegant and perfect ap- 
paratus for the same purpose, consisting of a light 


glass ball A, and a brass weight, B. 
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Plate 3, fig. 10 represents the guinea and feath 
apparatus. 5 f 
When the air is exhausted from the receiver, turn 
the milled nut, and the piece of gold and the feather, 
which lay upon the piece underneath, will fall at 
the same instant, and descend in the same time to 
the bottom. f 
The eye of the observer should be fixed to the 
bottom of the receiver, to ascertain accurately the 
coincidence of descent in the two bodies. | 
From this experiment it is inferred, that bodies 
are attracted towards the earth with forces which 
are in proportion to the quantity of matter they con- 
tain, but not to their bulk; for, if we suppose a 
ruinea to contain 1000 times more matter than the 
ther, it will require 1000 times more force than 
the feather to move it through the same space in 
the same time. 1 
Put two or three small pieces of phosphorus in an 
ual but small quantity of a mixture of oil of vi- 
triol, oil of tartar per deliquium, and oil of cloves; 
this mixture will flame in the open air, but is easily 
put out with a little water: it shines, boils, and 
flames in vacuo. 
Write upon paper with solid phosphorus, and then 
ay it on the plate of the pump with another piece 
of paper under it, place a receiver over these, and 
exhaust the air; the phosphorus will gradually 
brighten in a dark room, and throw. up a lucid cloud 
to the top of the receiver. | 
Plate 3, fig. 7, represents an apparatus for stop- 
ping a bottle in vacuo. It consists of a brass plate 
and collar of leathers, with a sliding wire, at the 
lower end of which is a stopper, and the depression 
is stopped, when sufficient, by the brass screw- 
nut 4. 578 
Plate 3, fg. 21, represents an apparatus for letting 
down any powder or liquid into a vessel, after it has 
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been exhausted. By turning the stop-cock, a, the 
communication is either made, or cut off, from the 
receiver above. 

Plate 3, fig. 22, an apparatus for * different 
ids together in vacuo. The rod, a, being con- 
nected with one receiver, when pushed downwards, 
will strike the other, and cause the contents of both | 
to be at once mixed in the receiver. 

Plate 1, fig. 16, represents a brass plate with 
collar of leathers, and a sliding wire with an hook. 
It is a very useful article to place on the top of open 
receivers, for conveying down any substance, or 
suspending an instrument upon which an experi- 
ment is to be made. 

Plate 2, g. 14, is a transferer and receiver placed 
upon a larger receiver, in order to produce an in- 
#tantaneous vacuum. For this purpose, the under 


one is exhausted, and the cock, a, first turned to 


eut off the connection. Then afterwards, by turning 
the cock, the air, rushing out of the nmall receiver, 
will be considerably and instantly rarefied; the. de- 
of rarefaction being in proportion to the dif- 
— between the capacities of the two receivers. 
Plate 2, fig. 8, represents the fountain in vacuo, 
described in page 89. Fig. 7 is an apparatus of a 
better Kite for the same experiment, containing 5 
glass vessel, 5, or cover, @ b, over the jet PIPE, 
prevent the water falling on the pump plat 
small hole is drilled in the cover at top, to permit yr 
passage of the air, while the apparatus is n 
under a close receiver. 
Plate 2, fig. 3, is a representation of the double, 
or magic funnel, containing a space between the in- 
side and autside, and a small hole within, near the 
handle of the funnel. It is first to be filled to the 
brim with water, stopping the end of the pipe with 


the finger; the fluid will rise to the same height be- 


tween the sides, driving out the air through the. above 
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hole; this being stopped when the fannel is full; 
you take the finger from the bottom, and suffer the 
water to run or stop at your command, according as 
you secretly shift your thumb or finger off and on 
the hole. It is proper to observe, that there is no 
hole at the bottom of the inside cone. The water is 
at first put in merely as an appearance. 

A slip wire and its collar of leathers on a brass 
plate, plate 1, Fg. 16, being placed on the top of an 
open receiver, and connected within to the trigger 

of a pistol-lock, fixed to the pump plate, and read 
cocked, plate 2, fig. 17, when the air is tamed 
if you pull up the wire and draw the trigger, the 
cock will fly off, and the flint strike the steel with 
its usual force; but now no sparks of fire appear, 
as in the open air. 5 | SAS 

If two iron bullets be made red-hot, and one put 
under the receiver, and the air extracted, it becomes 
immediated obfuscated, and totally loses its lus 
minosity; whilst the other, remaining in the air, 
continues to glow or shine for a considerable time, 
This experiment is not essentially different from the 
last, because the sparks, iri striking fire, fire only 
very small pieces or spherules of melted or red-hot 
steel, but cannot in vacuo make that appearance. 
If fruit of any sort be put into a glass jar with a 
narrow open neck, and a brass cap or valve fitted 

thereto, and cemented upon it, and the whole placed 
under the receiver; then, when the air is exhausted 
and let in again, it will fall upon the bladder or oil- 
«kin valve, and keep it fast down, and then it may 
be secured from air by sealing close down with wax; 
and, by this method, the choicest fruit may, be con- 
tinually preserved in vacuo, and which makes a very 
considerable difference from those kept in the com- 


— 
* 


mon Way. . : 1 __ | : 

An animal, such as a rat, mouse, &c. when put 

under the receiver, shews, after exhaustion, signs of 
VOL. I. M 
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uneasiness and pain, and continues so till it falls pro- 


trate as dead; yet, if * let in the air in time, or 


before the action of the heart ceases, life will soon 
discover itself, and the animal gradually recovers to 
his perfect life and his lungs again, expanded by the 
air. Butterflies, moths, &c. seem to suffer much 
in vacuo, but, in general, do not expire. Fishes, 
by the air being exhausted from their bladders, rise 
in water, in vacuo, making efforts to descend, but 


beyond their power till the air is re- admitted. 


COUNT RUMFPORD ON CHIMNEY FIRE-PLACES, 
ABSTRACTED FROM HIS ESSAYS POLITICAL, 
ECONOMICAL, AND PHILOSOPHICAL, 8vo, vol. 1. 


1797.* 


1. Fire-places for 2 coals, or wood, in an 
open chimney, are capable of great improvement. 

Cold and chilling draug hes of air on one side of 
the body, while the — is scorched by a chimney- 
fire, which every one who reads this must often 
have felt, cannot but be highly detrimental to health, 
and in weak and delicate, constitutions must often 
produce the most fatal effects. I have not a doubt 
in my own mind, that thousands die in this country 
(or London) every year of consumptions, occasioned. 
solely by this cause; by a cause which might be 80 
easily removed. 


* Three books, containing seven essays, from this _—_— 
are already published, and more reparin 

The subjects treated of are, t. Account it of Public of! "x Lamang 
for the Poor in Bavaria. 2. Of the Fundamental Principles on 
which General Establishments, for the Relief of the Poor, may be 
formed in all Countries. 3, Of Food, and particularly of Feedin 
the Poor. 4. On Chimney Fire- laces. 5. A short Account 
several Public Institutions lately 1 wm at Bavaria. 6. On the 
Management of Fire, and Economy of Fuel. 7. Of the Manner 

in which Heat is propagated i in Fluids. Ebrr. ; 
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- "There ate various causes by which chimnies may 

be prevented from carrying smoke; but none that 
may not easily be discovered, and completely re- 
moved. Those, who will consider the nature and 
properties of elastic fluids, of air, smoke, and va- 
pour, and examine the laws of their motions, and 
the necessary consequences of their being rareſied by 
heat, will perceive, that it would be as much a mi- 
racle if smoke should not rise in a chimney, all 
hindrances to its ascent being removed, as that 
water should refuse to rise in a syphon, or to descend 
in a river. | 

2. Smoking chimnies may, in all cases, be completely 
cured, 

The whole mystery of curing smoking chimnies 
is comprized in this simple direction: find out and 
remove those local hindrances which forcibly pre- 
vent the smoke from following its natural tendency 
to go up the chimney; or rather, which prevent it 
being forced up by the pressure of the heavier air in 
the room. ; | 

The causes, by which the ascent of smoke in a 
chimney may be obstructed, are various; yet the 
most obvious and prevailing one, and which is easy 
to be discovered and removed, is the bad construe- 
tion of the chimney in the neighbourhood of the 
fire-place. | | | 

In the course of all my practice in curing smoky 
ehimnies, of which I have had not less than 500 
under my hands, and many of which deemed in- 
curable, I have never, except in one'single instance, 
had recourse to any other method of cure, than 
merely reducing the fire- place, and the throat of 
the chimney, or that part which lies immediately 
above the fire- place, to a proper form and just di- 
mensions. By several experiments that have been 
carefully made, and with the assistance of thermo-- * 
meters, it has been demonstrated, that the saving 
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of ſuel from these improvements, in all cases, a- 
mounted to more than halt, and, in many, than two 
thirds of the quantity formerly consumec. 
Now, as the alterations in fire- places may be made 
at a very trifling expense, as any kind of. grate or 
stove may be made use of, and as no iron work, but 
merely a few bricks and some mortar, or a few small 
pieces of fire-stone, are required, the improvement 
is very important, when considered merely with a 
view to. economy; but, it should be remembered, 
that not only a great saving is made of fuel by the 
alteration proposed, but that the rooms are made 
much more comfortable, and more salubrious; that 


. they may be more equally warmed, -and more easily 


kept at any required temperature; that all draughts 
of cold air from the doors and windows towards the 
fire-place, so fatal to delicate constitutions, will be 
prevented; that, in consequence of the air being 
equally warm all over the room, it may be entirely 
changed with the greatest facility, and the room 
completely ventilated, when this air is become un- 
fit for respiration, and this merely by throwing open, 
for a moment, a door opening into some passage, 
from whence fresh air may be had, and the upper 
part of a window; or by opening the upper part of 
one window and the lower part of another. And 
as the operation of ventilating the room will never 
require the door and window to be open more. than 
one minute; in this short time, the walls of the 
room will not be sensibly cooled, and the fresh air 
which comes into the room will, in a very few mi- 
nutes, be so completely warmed by these walls, that 
the temperature of the room, though the air in it be 
changed, will be brought to be nearly the same as it 
was before the ventilation. 


Before I give directions for the construetion of 


fire-places, it will be proper to examine the fire- 


places now in common use, to point out their 
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faults, and establish principles on which fire-places 
ought to be constructed. | 
The great fault of all the common open fire- 
places, or chimnies, for burning wood and coal, is, 
that the throat of the chimney, or lower part of 
its open canal in the neighbourhood: of the mantle, 
and immediately over the fire, is too large. This 
opening has probably been made so large to accom- 
modate the chimney-sweeper; but I shall shew 
hereafter how a passage for the sweeper may be 
contrived, without leaving the throat of the chimney 
so enormously large, as to swallow up all the warm 
air of the room, instead of merely giving a passage 
to the smoke and heated vapour, which rise from 
the free aperture, for which it is alone designed. 
In introducing the improvements proposed, in 
chimnies already built, there can be no question in 
regard to the height of the throat of the chimney, 
for its place will be determined by the height of the 
mantle. It can hardly be made lower than the 
mantle; and it ought always to be brought down as 
nearly upon the level with the bottom of it as pos- 
sible. If the chimney is apt to smoke, it will some- 
times be necessary either to lower the mantle, or to 
diminish the height of the opening of the fire-place, 
by throwing over a flat arch, or putting in a straight 
piece of stone from one side of it to the other, or, 
which will be still more simple and easy, building a 
wall of bricks, supported by a flat bar of iron, im- 
mediately under the mantle. e 
Nothing is so effectual to prevent chimnies from 
smoking, as diminishing the opening of the fire- 
place as here described, and lowering and diminishing 
the throat, and J have always found, except in the 
single instance already mentioned, that a perfect 
cure may be effected by these means alone, even in 
the most desperate cases. It is true, that when the 
construction of the chimney is very bad indeed, or 
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its situation very unfavourable to the ascent of the 
smoke, and especially. when both these disadvantages 
— at the same time, it may sometimes be neces- 
to diminish the opening of the fire-place, and 
an ower it, and also to lower the throat of the chim- 
ney, more than might be wished; but still I think 
this can produce no inconveniences to be compared 
with the plague of a smoking chimney. 

The position of the throat being determined, tho 
next points are its size and form, and the manner 
in which it ought to be connected with the fire· place 
below, and with the open canal above. 

It will be necessary to consider, first, what the 
objects are which ought principally to be bad in 
view in the construction of a fire- place; and, se- 
oY to gee how these objects can best be at- 
tain . 

Nov, the design of a ebimney-fire being to warm 
a room, it is necessary, first, to contrive matters 
so, that the room shall be actually warmed; se- 
condly, that it be warmed with the smellest expense 
of fuel possible; and, thirdly, that in warming it, 
the air of the the room be preserved perfectly pure and 
fit for respiration, and free from smoke and all Git 
agreeable smells. 

| To take measures with certainty for warming a 
room by means of an open chimney fire, it will be 
necessary to consider in what manner such a fire 
communicates heat to a room. To determine which, 
it will be necessary first to find out under what form 
the beat generated in the combustion of the fuel ex- 
ists, and then to see how it is communicated to those 
bodies heated by it. 

In regard — the first, it is quite certain that the 
heat which is generated in the combustion of the 
ſuel, exists under two distinct and very different 
forms. One part of it is combined with the smoke, 


vapour, and heated air which rise from the burning 
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fuel, and goes up with them into the atmosphere; 
while the other part, which appears to be uncom- 
bined, or as some have supposed, combined only 
with light, is sent off from the fire in rays in all 
possible directions. | 

With respect to the second inquiry, namely, how 
this heat, existing under these two different forms, 
is communicated to other bodies? it is highly pro- 
bable that the combined heat can only be commu- 
nicated to other bodies by actual contact with the 
body with which it is combined; and, with regard 
to the rays which are sent off by burning fuel, it is 
certain that they communicate or generate heat on] 
when and where they are stopped or absorbed. In 
passing through air, which is transparent, they do 
not communicate any heat to it; and it seems highly 

bable, that they do not communicate heat to 
solid bodies by which they are reflected. 

In these respects, they seem to bear a great re- 
semblance to the solar rays. I must not enter too 
deeply into these inquiries respecting the nature and 
properties of what has been called radient heat. It 
is certainly a most eurious subject of philosophical 
investigation, but more time would be required to 
do it justice than we now have to spare. 

A question which naturally presents itself here is, 
W hat proportion does the radiant heat bear to the 
combined heat? Though that point has not yet 
been determined with any degree of precision, it is, 
however, quite certain that the quantity of heat 
which goes off combined with the smoke, vapour, 
and heated air, is much more considerable, perhaps 
three or four times greater, at least, than that which 
is sent off from the fire in rays. And yet, small 
as the quantity is of this radiant heat, it is the 
2 part of the heat generated in the combustion of 
fuel burnt in an open fire-place which is, or ever 
can bg employed in heating a room. 
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The whole of the combined heat escapes by the 
chimney, and is lost; and, indeed, no part of it 
could be brought into a room from an open fire- 
place, without bringing along with it the smoke 
with which it is combined; which, of course, would 
render it impossible for the room to be inhabited, 
There is, however, one method by which combined 
heat, and even that which arises from an open fire- 
place, may be made to assist in warming a room; 
and that is, by making it pass through something 
analogous to a German stove, placed in the chimney 
above the fire, But of this contrivance.I shall take 
occasion to treat more fully hereafter; in the mean 
time I sball continue to investigate the properties of 
open chimney fire-places, constructed upon the 
most simple principles, such as are now in common 
use; and sball endeayour to point out and explain 
all those improvements of which they appear to me 
to be capable. When fuel is burnt in fire-places 
upon this simple construction, where the smoke es- 
capes by the open canal of the chimney, it is evident 
that all the combined heat must be lost; and, as it is 
the radiant heat alone which can be employed in 
heating a room, it becomes an object of importance 
to determine how the greatest quantity of it may be 
generated in the combustion of the fuel, and how 
the greatest proportion possible of that generated 
may be brought into the room. gl Fett 

Now, the quantity of radiant heat generated in 
the combustion of a given quantity of any kind of 
fuel depends upon the management of the fire, or 
upon the manner in which the fuel is consumed. 
When the fire burns bright, much radiant heat will 
be sent off from it; but when it is smothered up, 
very little will be generated, and very little com- 
bined heat, that can be employed to any useful pur- 
pose: most of the heat produced will be expended in 
giving elasticity to a thick dense vapour or smoke, 
which will be seen rising from the fire; and the 
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combustion being very incomplete, a great part of 
the inflammable matter of the fuel being merely 
rarefied and driven up the chimney without bei 
inflamed, the fuel will be wasted to little purpose. 
And hence it appears, of how much importance it 
is, whether with a view to economy, or to cleanli- 
ness, comfort, and elegance, to pay due attention to 
the management of a chimney fire. 
Nothing can be more perfectly void of common 
sense, and wasteful and —— at the same time, 


than the manner in which chimney fires, and parti- 


cularly where coals are burnt, are commonly mana- 
ged by servants. 8 throw on a load of coals at 
once, through which the flame is hours in making 
its way; and frequently it is not without much 
trouble that the fire is prevented from going quite 
out. During this time no heat is communicated to 
the room; and, what is still worse, the throat of the 
chimney being occupied merely by a heavy dense 
vapour, not possessed of any degree of heat, and, 
consequently, not having much elasticity, the warm 
air of the room finds less difficulty in forcing its way 
up the chimney and escaping, than when the fire 
burns bright; and it happens not .unfrequently, es- 
pecially in chimnies and fire- places ill- constructed, 
that this current of warm air from the room which 
presses into the chimney, crossing upon the current 
of heavy smoke which rises slowly from the fire, ob- 
structs it in its ascent, and beats it back into the 
room; hence it is that chimnies so gſten smoke 
when too large a quantity of fresh coals is put upon 
the fire. So many coals should never he put on the 
fire at once as to prevent the free of the 
flame between them. In short, a fire should never 
be smothered; and when attention is paid to the 

uantity of coals. put on, there will be very little use 
or the poker; and this circumstance will contribute 
very much to cleanliness, and the preservation of 


furniture, 
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As we have seen what is necessary to the 
duction and generation. of radiant heat, it remains 
to determine how the greatest | wy of that 
generated and sent off from the fire in all directions 
may be made to enter the room and assist in warm- 
ing it, Now, as the rays which are thrown off from . 
burning fue] have this property in common with 
light, that they generate heat only when and where 
they are stopped or absorbed, and also in being ca- 
pable of being reflected without generating heat at 
the surfaces of various bodies, the knowledge of 
these properties will enable us to take measures with 
. certainty for producing the effect required; that is, 
For bringing as much radiant heat as possible into 

the room. | | 

This must be done, first, by causing as many as 
possible of the rays, as they are sent off from the 
fire, to come directly into the room; which can onl 
be effected by bringing the fire as far forward as 
possible, and leaving the opening of the fire-place as 
wide and as high as can be done without inconve- 
nience; and secondly, by making the sides and the 
back of the fire-place of such form, and construct- 
ing them of such materials, as to cause the direct 
rays from the fire, which strike against them, to be 
sent into the room by reflection in the greatest 
abundance. 8 

It will be found that the best form for the vertical 
sides of a fire-place, or the covings, as they are 
called, is that of an upright plane, making an angle 
with the plane of the back of the fire- place of about 
135 degrees. - According to the present construc- 
tion of chimnies, this angle is ninety degrees, or 
forms a right angle; but as in this case the two sides 
or covings of the fire-place, AC, BD, „ig. 1, are 
parallel to each other, it is evident that they are very 
ill contrived for throwing into the room, by reflec- 
tion, the rays from the fire which fall on thom. | 
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Jo have a perfect idea of the alterations I pr 

an the fire-places, the reader need only observe, that 
as the backs of fire-places, as they are now com- 
monly constructed, are as wide as the opening of 
the fire-place in front, and the sides are perpendi- 
dular to it, and parallel to each other. In the fire- 
places I recommend, the back, i &, fig. 1, is only 
about one-third of the width of the opening of the 
fire-place in front, a b, and, consequently, that the 
two sides or covings of the fire-place, az and 5 |, 
instead of being perpendicular to the back, are in- 
clined to it at an angle of about 135 degrees; and 
in consequence of this position, instead of being 
parallel to each other, each of them presents an 
oblique front towards the opening of the chimney, 
by means of which the rays which they reflect are 
thrown into the room. A bare inspection of the 
annexed sketches, Fg. 1 and 2, will render this matter 


very intelligible. _ 


In regard to the materials which it will be most 
advantageous to employ in the construction of fire- 
places, no great difficulty will attend the determi- 
nation of that point, As the object in view is to 
bring radiant heat into the room, it is clear that 
that material is best for the construction of a fire- 

lace which reflects the most, or which absorbs the 
east of it; for that heat which is absorbed cannot 
be reflected. As bodies which absorb radiant heat 
are necessarily heated in consequence of that ab- 
sorption, the materials that can be employed for 
constructing fire- places are best adapted for that 
purpose, we have only to find by a very easy expe- 
riment what bodies acquire least heat when exposed 
to the direct rays of a clear fire; for those which are 
least heated evidently absorb the least, and conse- 
quently reflect the most radiant heat. And hence it 
appears that iron, and, in general, metals of all kinds, 
which are well known to grow very hot, when ex- 
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ou to the rays projected by burning fuel, are to 
reckoned among the very worst materials that it 
is possible to. employ in the construction of fire- 
places. ww: | 

The best materials I know, are fire-stone, and 
common bricks and mortar, which are fortunate] 
very cheap; and as to their comparative merits, 
hardly know to which of them to give the pre- 
ference. 4/4 6 

When bricks are used they should be covered 
with a thin coating of plaster, which, when it is be- 
come perfectly dry, should be white-washed. The 
fire-stone should likewise be white-washed, when 
that is used; and every part of the fire-place, which 
is not exposed to being soiled and made black by the 
smoke, should be kept as white and clean as possible. 
As white reflects more heat, as well as more light, 
than any other colour, it ought always to be preferred 
for the inside of a, chimney 7 is and black, 
which reflects neither light nor heat, should be most 
avoided. | We 

Register stoves have been found to be of use, but 
it is because the great fault of all fire-places con- 
structed upon the common principles, being the 
enormous dimensions of the throat of the chimney ; 
this fault has been in some mcasure corrected by 
them: but I will venture to affirm, that there never 
was a fire-place so corrected that would not have 
been much more improved, and with infinitely less 
expense, by the alterations here recommended, and 
which will be more particularly explained in the 
next section, | 
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Practical directions for the ute of workmen, ghetving 


the processes in making the alterations to improve 
 ehinmey fire-places, and effectually to cure moly 
chimmes. 8 


It will be proper to begin by explaining the pre- 


eise meaning of all those technical words and ex- 


ions which I find it necessary to use. 
By the throat of a chimney, I mean the lower ex- 
tremity of its canal, where it unites with the upper 
part of its open fire- place. This is commonly found 
about a foot above the level of the lower part of the 
mantle; and it is sometimes contracted to a smaller 
size than the rest of the canal of the chimney. 
Fig. 3 shews the section of a chimney on the 
common construction, in which de is the throat. 
Fig. 4 shews the section of the same chimne 
altered and improved, in which 4 is the reduced 
throat. | 
The breast of a chimney is that part of it which is 
behind the mantle. It is the wall which forms the 
entrance from below into the throat of the chimney 
in front, or towards the room; it is opposite to the 
upper extremity of the back of the open fire-place, 
and parallel to it; in short, it may be said to be the 
back part of the mantle itself. In fg. 3 i is marked 
by the letter e, and by. d in fig. 4. The width of 
the throat of the chimney, de, fig. 3, and di, fig. 4, 
is taken from the breast of the chimney to the back. 
and its length is taken at right angles to its width, 
or in a line parallel to the mantle, a, fig. 3 and 4. 
The bringing of the fire nearer to the front of the 
opening of the fire-place, and the diminishing the 
throat of the chimney, being two principal objects, 
are attained by bringing forward the back of the 
chimney as far as possible, without diminishing too 
much the passage for the smoke, which must be 
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dicularly over the first, which — that 
the back of the chimney be always perfeetly upright. 
When it is ascertained how wide the throat of the 
chimney ought to be left, it will determine the place 
for the new back, or how far it ought to be brought 
forward. I have found the best width for the throat 
of a chimney, when it and the throat are of a com- 
mon form and size, is four inches; three may do 
when the fire-place is small and chimney good and 
well situated; but, to prevent the accidental puffs 
of smoke, sometimes made by putting on much coals 
too suddenly, and when the throats may be very 
narrow, I found apon the whole four inches the best 
either for a fire-place to burn wood or coal. In 
fire-places for large halls, &c. it may be increased to 
four and an half or five inches. 

It is not extraordinary that fire-places of such 
different sizes should have their throats of the same 
width, when considered that the capacity does not 
depend upon the width only, but on that and the 
length of the throat taken together; and, therefore, 
in large chimnies greater than in smaller. 

Another important point to consider in fire- places 
is, the width in such case proper to be given to the 
back. In common fire- places, the back is of equal 
width to the front opening; which on two accounts 
is faulty: one, the sides, or wings as they are called, 
being parallel to each other, are ill-contrived to 
throw out into the room the rays of heat they re- 
ceive from the fire; the other, the large open cor- 
ners occasion eddies of wind, which disturb the fire, 
harrass the smoke in its ascent, and often send it 
into the room. By diminishing the width of the 
back, these defects may be remedied, which may 
be about one-third, a small deviation from which is 
of no consequence, if the accommodation to any 

cular stove is necessary; the nearer to this the 

Netter. | R 
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Where a chimney is designed for warming a 
middle-sized room, and its thickness of the front 
wall is nine inches, I should set off four more for 
the width of the throat; which, supposing the back 
upright, will give thirteen inches the depth of fire- 
place. In this case thirteen inches would be a good 
size for the back width, and three times this, or 
thirty- nine inches for the width of the front open- 
mg; and the angle thus made by the back of the 
fire-place and the sides or covings, would be just 
135 degrees, or the position between a right angle 
and a semicircle, the best position for throwing heat 
into a room. But suppose the accommodation of a 
particular stove should render it necessary to make 
the fire- place sixteen inches wide: in this case, I 
should merely increase the back width to the di- 
mensions, without altering the depth, or increasin 
the front opening. The covings in this case being 
reduced in width, and their relative position changed, 
will produce no bad effects; not so much so, as by 
attempting to bring the proportions nearer to the 
standard, by increasing the depth and front open- 
ing of the chimney, or attempting to preserve the 
best obliquity of the covings (135 degrees) by in- 
creasing, the width of the opening without increas- 
ing the depth. Are 
I To illustrate this by one case more, we will s 
pose, that in the chimney to be altered the front 
width of the fire-place is either narrower or wider 
than it ought to be for the different parts, after it is 
m_ to be of proper dimensions. In this case 
should determine the depth of the fire-place and 
width of the back, without regarding the width of 
the front opening; and when done, if the opening 
should be only two or three inches too wide, or 
only that more for the covings to be in their pos 
tions with respect to the back, I should not alter 
this width, but accommodate the covings to it by 
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their breadth, and increasing the angle 
n the back of the fire-place; but, if 
the opening he more than three inehes too wide, I 
would: | $6935 it by slips of stone, or brickg ant 
mortar. When the front width is very great, com- 
pared with the depth and width of the back, tha 
covings then being very wide, and very obli que; and 
shallow, any sudden motion of air in 
front, as that opcasioned\/by women's cloaths, passing 
bastily before and very near to the fre, would be 
apt to cause eddies in the air within the opening, by 
which puffs of _ might bo brought. ito the 


TOOm. 

Should the opening. be too che, which is 1 
dom ſound to be the case, it will in general he ad- 
viseghle to let it remain 80; and- to accommodate 
the covings to it rather than increase the width, 
which would be attended with 1 _ arid 
den much expense. 

It therefore appears, that the 81 important 
point in altering fire- places, W my, principles, 
are, the bringing forward th to its 

place, and making it of a — pat rouge 
time now to mention another important matter, 
which is, the provision to be made for the 

of the chimney-swee . 2 the chimney. This may 
easily be done as fol In building up the new 
Ro of the fire-place; when this wall, which never 
need be more than the width of a single brick in 
thickness, is brought up so high, that there remains 
no more than about ten or eleven inches between 
what is then the top of it, and the inside of the 
mantle, or lower extremity of the breast of the 
chimney, an opening, or door-way, eleven or twelve 
inches wide, must be begun in the middle of the 
back, and continued quite to the top of it, hieb, 
according to the height to which it will commonly 
be necessary 8 back, will make the 

VOL. I 
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opening about twelve or ſourteen inches high, which | 
sufficient to allow'the sweeper to 


will be 
When the!fire-place is finished, this door-way is 

be closed by a few bricks, a tile, or a fit piece of 
stone placed in it, dry, or without mortar, ani con- 
fined in its place ume ONT made for that 
Eden in th bi Work. n as the chimt 
c takes down this temp a 
my l, Phich ko very easily done, and white he has 
finished, he puts it again into its place. The an- 
nexed drawing, fs. = will N a clear idea ow this 
contrivance. 

The covings, or new sides, m may | be of me same 
thickness with the new back, ring the fire for- 
Ward, viz. the thickness of 4 bean brick in 
width. If they are constructed of stone, 14 inches, 

or two inches at most. Care must be taken do join 
the back to the covings in a solid manner. 
8 space between the new back and evvings;! and 
—— covings, ought to be fitted up, to 
solidity to the — which may be done 

with . ru\biah; or broken bricks or stones, the 
work being strongthened by a few layers or courses, 
or bricks laid in mortar; but the work must 4 
finished at the ending of the new walls, that is, at 
the top of the chimney's' throat, where it ends 
abruptly in the open canal of the chimney," by a 
horizontal course of-bricks; well secured by mortar, 
which will be upon deve pas. wy” of the 
| 1 door way. | 

It is therefore clear at the end of the mer 
throat, where it enters into the lower part of the 
open canal of the chimney, there the three walls, 
ſorming the two covings and back, end abruptly. 
It is important that they do so, for were they —. 
ontwards, and so raised as to swell the upper part 
of the throat to a trumpet form, inereasing to the 
size of the chimney t this method would: tend 
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do asist the winds di to blow down the © 
ehininey, and thereby repel the smoke back into 
the room; but, in the above abrupt termination, 
here the end of the new wall forms a flat horizontal 
surface, it is much more difficult for the wind then 
to force its way through the narrow passage. 
' All twists; bends, prominences, excavations, and 
other irregularities in forming the covings, never 
fail always to produce eddies in the current of air, 
passing in and through a burning fire, 8 the 
fire and smoke, and sometimes occasioning the latter 
to be thrown into the room. Hence covings should 
be flat, and not circular. For the same reason, the 
breast, forming the side of the throat in front, or 
nearest to the room, should be neatly cleared off, 
and its surface made quite regular and smooth, 
which may be done with a coat of plaster, made 
thicker or thinner in different parts as may be neces- 
sary, in order to bring the breast of the chimney to 
a proper form. So OPER IP 
The form of the breast is of great importance; 
the warst is a vertical plane, or upright flute, and 
next to this an inclined plane. Both these cause 
the current of warm air from the room, which will 
sometimes, against all precaution, find its way into 
the chimney, to cross upon the current of smoke 
rising from the fire, in a manner likely to embarrass 
it, and drive it back. The inclined plane, which is 
formed by a flat register placed in the chimney 
throat, produces the same effects; and this reason 
causes me to disapprove of register stoves. 
I be current of air, going under the mantle into 
the chimney, should be made gradually to bend its 
course upwards, whereby it will unite quickly with 
the ascending smoke, and be less likely to check it, 
and repel it into the room. This may easily and 
should always be effected by rounding, off the breast 
of the chimney, or back of the mantle, instead of 
D R 2 a | 
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Mts flat, or full of borners or holes The 
height to which the new'covings and back ought to 
5 will depend not only on the height of the 
but partioularly on the height of the chim- 
breast, or that part where the breast ends and 
the upright canal begins. The backward covings 
3 rise five or six inches digher than this part, 
ly the throat. '1 know of no advan- 
we ty carrying them up iner. ON! WPETY } 
ce between td walls of the new back' and 
covings, Td the old back and sides of the fire- 
place,” Should be fitted u to before mentioned; but 
not to be understood t to the space between 
the all of dry brieks, or ro * which closes the 
2a85age for the awe r, and the old chimney back; 
tor what Space wan de 1 left void, otherwise, though 
this" tile, not more than two inches" in thickness, 
were taken *way, there would not be/room for him 
o form this door-way, the best method? is to baue 
the the f ice of stone in its proper place, and 
1d round it, or rather b y the 8ides'of it, taking 
care that the mortar may not hinder the removing 
of it, when finished. The rabbet in - the door - way 
to receive it and fix it firmly in its place ; this may 
be formed at the time the door-way is built, or after 
it is finished, by attaching to its bottom or sides, 
with mortar, pieces of thin roof tiles, about half an 
inch thick; thicker will” detriment too must the 
opening of the door-Way, and in the sweeper's pas- 
e be more likely t be torn away. e tile, 
stone, or ' bricks, for closing up the r in must 
reach to a level with the top of the walls, forming 
the new back and covings. | 
Another important article to be expeifiion is the 
grate, of which there are few that may not be used 
in chimnies constructed or altered upon my tl fn 
* * all are not Apa well oy 


en ner — 


quently N nd thing hei 
wanted but s mers grate for the codls: | ndting bein 
— 5 dear and eleganos may bo 2 — 
i fr 

In "To placing the gr grate, its beck möst — ws 
gecord with iko burk-of'elve — but as many 
ga, now in common use, are too large for the 
place when altered, their capacities may, be di- 
them up at the back and sides 
with ſire-· stone pieces. When this is done, it is the 
from of the flat of stone which is made to 
form à he, back — — neee 
torm a line, or part of tie place 91 
The proper width of grates, Jenigmark far abide 
sized rooms is six to eight —— and their Ro 
may be -dimimehed: mort or less, according as the 
700mm is heated with more or less difficulty, or as the 
— — grey When the width of 
is not more than five nnn vey 
2alt-top the fire gomg: out. 
1 "In gen that have der backs not uprig ght, bot 
mditied backwards, and are much toe wide, it will 
de necessary 10 fiſl them up backwards; with firer 
stone, which, rk — the shape of a wedge, 
—— than below, the: front then of this 
stone Will become a vertical-back-of the grate, the. 
iron hack being hidden, will produce no effect. 
If the grate is too narrow, e e e e 
any reduction of its width, it will be best to take | 
away the back entirely, and fix the grate firmly in 
the brick-work, causing the back of it to be the 
back of the fire place Ke ba (1 
When it is necessary that the "rs in a grate should 
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— by: filling 
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'to * its cavity for the fuel in the ſorm oſ one half 
an ho 2 here, the two semicircular open- 
ings being one e to receive the coals, and the 

ain end or towards the bars of the grate; for 
when the coals are burnt in such a confined 
and surrounded on all sides, except the front and 
above, by fire- stone, a substance well adapted for 
eonfining heat, the heat of the fire will be concen- 
trated, and the cold atmospheric air being kept at 
a distance, a smaller quantity of coals will burn, than 
could possibly be in a grate where they would be 
more exposed to be cooled by the surrounding 
air, or to have their heat carried off by being in con- 
tact with iron, or any other substance 
which heat Jann with W nacility than through 
fire-otone. | 

Where grates, Ae for middle Sized. rooms, 
A dene than fourteen; or fifteen inches, it will 
always be best, not merely to diminish their lengths 
by filling them up at their two ends with fire-stone, 
but forming the chimney-back of a proper width, 
without to the length of the grate, 2 
the covings through the two ends of the 
tuch a manner as to conceal them, or at * 
conceal their back corners in the walls of the covings. 
] $hall here give a few short directions respecti 
the manner of laying out the work, which will prove 
useful to gentlemen, who may chooe to be their 
own architects, in directing alterations * be 


made for the —— of oj ene 


«4 
— 


Direction for laying out +the Work. 8 3 8 | 


Ib there be a grate in the chimney, which i is td be 
te it will always be best to take it away; and 
when this is done, Af rubbish may be Nye, and 


the hearth e perſegtly cleen. 


% 
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the annexed fig 
nd plam of sueh . — AB being the 
opening ot it in front, AC and BD deu or 
chVings, and CD the back 
Ages shews the elevation of this fire-place;/ 10a 
5 draw a straight line Ne Vl chalk, —— 
d pencil, upon the hearth; one to 
other, — the front of the jambs. area 
line, 405 'Fg. I, may represent this line. 
middle, e, of this line, ty another: 
line is cto be drawn perpendicular toit, across 
the — to __ middle: 4, one the- backrof the! 
chimney: ”- ter Bets Abi i; 
A person ny — aprighyinatle chimn 
with his back to the back of the chimney, and he 
a plumb- line to the middle of the upper part of 'thet 
hreazt of the chimney, e, Ag. 3, —— 
of tke chimr ins to, rise arly 3. 
takinꝑ care — Wn; line above in such a manner, 
that the plumb: may fall on the line cd, Ig. I drawn. 
on thechearth from the middle of the opening of thet 
ehimney in front to the middle of the backs! and an 
assistant must mark . on 1 
where the plumb falls! bi- an 21] 
This being done, a e in the obimneyt 
having quitted his station;- four inches are to be set 
off on the line cd, ng. i, from e, towards d; and the 
point /, where these four inches end; which must be 
marked with chalk, or with a pencil, will chew how 
far the new back is to be brought forward. 
Through F, draw the line to tlie line 
ab; and this line, g, wall. w the direction of the 
— back, or the ee e upon Which 1 is. 55 10 | 
The A n e the depth of. the new 
fire place; and if it should happen that / is equal 
to about one- third of the line a 5; and if the grate 
can be accommodated to the fire- place, instead of its 


* 


gure, g. 1, co represem 


to t, and on the other to i, and t 


E cov BVMFORD)| | 
| eee 
gr 


vide [ih thx. ease half the length of the line, e 

be get off from F on the line 15% h, _—_ ma 

e line, i 4, will 

sbew the ground lirie of the fore Lone 10 100 back of 
the chimney, Mr, ett 4 


- In. all Udben where tho width of: the ef hy 


'  theifire-plate in front, AB, Happens to be not 
greater, or not more than two or three inches 
greater thun three times the. width of the new back 
of the chimney 4 &, this opening may begleft, and: 
lines drawn em! 1 to A, aul Nen * cop will chew 
thewidth and position of the front of the new covings;7 
but when the opening of the fire-place in front is 
still wider, it must be reduced, which ene 
i tho flowing matmer: 

From r, the middle of the line dy Suing 35 
mut be set off equal to the width of the back i A 


added to half its width / i, and lines drawn from i to 


243 and from 4 to b, will shew the groude lan of the . ; 
fronts of the new covingd2ico 215 t out 9.1 1 
When this is Ro more will be neces- 


nary than to build 6 hon ind covings'; and, 
af the fire-place is 4 


hx the grate. in its proper place, according 
directibns given. When the width of the 


fire: place is reduced, the of the covings AA 
and b B are to make a finish with the front of the 
Jambs. And in general it will be best, not only for 
the sake of the a e of the chimney, but 
for other redsons also, to lower the beight of the 
opening of. _ fire, whenerer its width in r 
diminished. 6 | Ait (13 7 | 
Ni. 2 shews «front view of the „ae after it had 
been alterad according to the directions here given. 
By comparing it with ABC D, fig. 1, which sbews 
a section of the same chirhney beſore it was al- 
tered, the manner in which the opening of the fire» 


to the 


for burning coals; to 
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in front is diminished may be sen-. a. 2 
the under part of the door-way, by which the 
ney-sweeper gets up the chimney, is — 
by white dotted lines. 2 mar 18 er 
olosed- 1 mt V2 £ 1-4. (15 

I. shall- conclade with eme nend besen eee 
_ relative to the subjert under contidevation ;/ witi 
directions how to proceed where such local cirdum- 
standes exist, as render . the genen 
plan indispensably n 
Whether cokinaioy be deviigned for buroing woo 
upon the bearth, or wood! or coals in a' grate, the 
form of the fir: place is, in my opinion, most pe 
when the width of the back —— to the depth 0 
and the opening of the fire: place in front 
uf to three times the width of the back, org 
ich is the same d en thees times e of 


the 


Bat if tc chhnney be 28586 ar born wood 
pom the hearth,” upon hand- irons, or dogs, us they 
are called, it will sometimes be n to ach 
modate the width of the back to the length of the 
wood; and when this is the case, the mutzt 
be accommodated to the width of the back, and. the 
opening of the chimney in front. 
When the wall of the chinmey-in-front, thea- 
ured from the upper paft of the breast of the chim- 
ney to the front of the mantle, . is very thin, it * 
happen, and especially in chimnies designed for 
burning wood upon the hearth, or upon dogs, that 
the depth of the chimney, determined according to 
the directions here given, may be too small. 
Thus, for example, supposing the wall of the 
chimney i in front, from the upper part of the breast 
of the chimney to the front of the mantle, to be 
only four inches, which 1s sometimes the case, par- 
ticularly in rooms situated near the top of the house; 


* 
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in this case, if we take four inches for the width of 
the throat, this will give eight inches only for the 
depth of the fire-place,” which would be too little, 
even were coals to be burnt instead of wood. In 
this case, I should increase the depth of the fire- 
place at the hearth to twelve or thirteen inches, and 
Should build the back perpendicular to the height of 
the top of the burning fuel, whether it be wood 
burnt upon the hearth, or coals in a grate, and then, 
sloping the back by a gentle inclination forward, 
bring it to its proper place, that is to say, perpendi- 
cularly under the back part of the throat of the 
chimney. This slope, which will bring the back 
ſorward four or five inches, or just as much as the 
depth of the fire- place is increased, though it ought 
not to be too abrupt, yet it ought to be quite finished 
at the height of eight or ten inches above the fire, 
otherwise it may perhaps cause the chimney to 
smoke; but when it is very near the fire, the heat of 
fire will enable the current of rising smoke to over - 
come the obstacle which this slope will oppose to 
its ascent, which it could not do so easily were the 
2 situated at a greater distance from the burning 


a inn $3400 

* For. the figures to the plan, elevation, and section, altered 
upon this principle, I must refer the reader to the Count's Treatise 
on Chimney Fire-places. . What is inserted now, will be sufficient 
to direct in general any person who may wish to understand the 
Improvements and alterations; but, to comprehend all' the minutize 
necessary to a professional bricklayer, a complete knowledge can 
only be obtained by consulting the work above-mentioned, as well. 
as the Count's Essay on the Matagement of Fire, and the Eco- 
nomy of Fuel, Porr. N 
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w On Observation ang Experiment. 
As in a former Lecture I shewed you the danger and 


1mpropriety of indulging conjecture and ing 
hypo „I shall now on the other side, in pur- 
suance of my design, commence this Lecture with 
some remarks on the qualities that distinguish an 
observer of nature from a mere experimentalist, and 
int out the disadyantages that may accompany 
both observation and experiment, if either be too 
rigidly adhered to, or used independent of the other. 
Neither observation nor experiment. are, however, to 
be neglected; they are two sisters which have a re- 
ciprocal necessity for each others; assistance. 
The person who is best adapted by nature for 
making philosophical experiments, is generally the 
the ſeast fitted for drawing conclusions from them. 
There is a minuteness, an exactness required in an 
experimenter, which should not enter too much in 
his composition, who collects and applies the results 
arising from experimental inquiries. | 


The experimentalist js always discovering little 


differences, contriving methods to examine objects 
ten-thousand various ways, and, to distinguish one 
thing from another by all possible minutiae. —_ 

But the person who applics these experiments to 
the supporting or explaining any phenomena in na- 


ture, should be one who sces many things in one 
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view, and comprehends the result of many effects 
apringing from the same cause, and who overlooks 

e trifling differences from the accidents of time 
and place. | | | 

The experimentalist beholds all nature as particles 
of dust distinited from, and uninfluenced by one 
another; each a world of its own, with properties 
and qualities peculiar to itself. 

The observer sees all nature as united, as actuated 
and moving upon one common principle, and all 
the parts as conspiring to form one common whole. 
They are thus excellently discriminated by Lord 
Baton: © The great and radical difference of capà- 
cities, as to philosophy and the sciences, Hes here; 
that some are stronger and fitter to observe the dif- 
erences of things; others, their cortesporiderices! 
or a steady and sharp genius can fix its contempla- 
tions, and dwell and fasten upon all the subtilty of 
differences, whilst a sublime and ready genius per- 
ceives and compares the smallest and most San 
agreements of things; but both kinds easily fall into 
excess, by grasping either at the dividing scale, or 
shadows of things. The former is so taken up with 
the particles of things, as almost to neglect theit 
structure; whilst the other views. their. fabrication 
with such astonishment, as not to enter into the 
EY „„ 1 
The material world is an immense body, composed 
of an infinite number of parts, so interwoven toge- 
ther as to unite in one common center. There is 
no insulated fact in nature; they are all relative, 
having a double reference, as effects to their causes, 
and as causes to their effects. It is the business of 
philosophy to point out what apparently separates 
the parts, and how they are connected, and to trace 
these connections to the principle of unity, which 
harmonizes and connects all the works of crea- 
tion. N | 
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I will endeavour to render this important view of 

bauen ilosophy more clear to you, by an- extract from 
6 work of the Rev. Mr. Jones; a writer in whom 
you will find great originality of sentiment, expressed 
with energy and ease; in whose hands the most 
abstruce subjects are always rendered plain and clear. 
«& Nature,” says he, © is a system of parts related, 
and every part should be considered under this re- 
lation, without which, neither the hature nor de- 
sign of it can be understood. Take the leg of a 
man, and consider it without any regard to the body 
it belongs to, it will then have no meaning in it, 
neither can he that examines it understand any thi 
more of it, than its substance and figure. But, if 
you consider the same member with its relation to 
the body, then you discover with admiration, First, 
That its vessels are supplied with the aniinating 
fluids of blood and spirits, which keep up the animal 
life in it. wa, + That its muscles are connected 
with the superio from whence they derive their 
faculty of . Thirdly, That it is framed with 
due strength and exact proportion to the weight of the 
body, to preserve it in an erect position, and transport 
it from place to place. A limb, considered under 
these relations, is a wonderful sub ject, worthy to be 
admired by the anatomist and — But if 
vou separate it from the body, it is dead, motionless, 
and useless. It is the same with any member of the 
frame of nature, even so much as a single attom, it 
taken independent of the rest. If we build a system 
on matter so independently considered, we shall 
raise such a world as never did, nor can exist. and 
which, after all our pony will be as empty as it is 


arbitrary.” 


* Ken, altoids e and taint of nature, can act 
and understand no further than he has, either in operation ar con- 
templation, observed of the method and order of nature. 

| Bacon, Nov. Org. Aph. 1. 
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e ex 713 is apt to err in another point, 
ystems, because he has neither cont» 

thou — nor extent of genius to see and 
— the Idea of many consequences from one 
principle. He considers the author of a system as 
a visionary in philosophy, and one-who is ing a 
new world of his own by the combination of incon- 
gruities; he, therefore, continually labours at mak- 


ing new links, without ever many theny into a 
chain. 

On the other hand, the s systematic writer too 
often contemns the limited conceptions of the expe- 
rimenter; he considers him like a worm that, creep- 

ing from one mole-hill to another, fancies each to 
be a distinct world, not seeing the common basis 
which unites and supports them all. He fails, there- 
fore, in framing his system, from inattention to, 
and neglect of, experimental inquiries; and his 
building tumbles into ruin, as it wants those pegs 
which, though small, are . to hold the 


hole together. 


Having shewn 8 the danger that attends a too 
rigid attachment to the systematic, or experimental 
mode of examining natural phenomena, I may pro- 


2 without fear to trace the further properties of 


This fugacious element is a rich, and almost 


— mine of knowledge, and your labours 


therein, if vigarouthy ne will not fail of 
their reward, | 


OFTHE AIR LODGED IN THE PORES OP 
DIFFERENT SUBSTANCES. 0s 


| Four methods are ood to extract air from. the 
pores of those bodies in whieh it is engaged. 1. By 


heating the bodies. 2. By cooling them. 3. By 


N them under the vacuum of an air-pump, 
4. By dissolving them in some menstruum. 


1 
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I. By heating the substance we may extract the 
air that is contained in the pores thereof. The heat 
dilates the air o much, that it cannot be contained 
in the pores of any substance whose pores do not 
expand in the same proportion. Hence it is, that 
you see it escape from meat and fruits while roasting, 
from wood in burning, and from fluids in boiling. 
In the last instance you see the air, which is rare- 
fied by the heat, forming itself into bubbles, and 
traversing the fluid, in order to escape at its surface. 
2. When any substance is considerably cooled, it 
is condensed, and its parts are brought closer toge- 
ther; its pores are consequently lessened, and the 
air is forced out, as we force the water from a 
sponge, by compressing it. i 
3. The air which is lodged in the pores of any 
substance, is disengaged when they are kept for 
some time in the vacuum of an air-pump: when the 
| re of the atmosphere is removed by the air- 
pump, the air that was confined by that pressure to 
the bodies is let loose. This I shall illustrate by a 
variety of experiments on different substances. 
4. The air may be disengaged from many sub- 
stances by dissolving them in some menstruum; for 
the particles of the body that is dissolved, being 
disunited and subdivided by the dissolvant, the air 
is no longer confined, and therefore escapes with 
facility, as you see when sugar is dissolving in water, 
and which I shall further illustrate in the course of 
this lecture. 

The first experiment I shall she you on this sub- 
ject, will be with the clear water in this jar, which 
{ shall place on the plate of a pump under a receiver: 
as soon as the air is a little exhausted, that which is 
contained in the water begins to expand and rise in 
bubbles, which pass through the water; they are 
small at first, but grow larger as they rise to the = 
of the water; and they will continue to rise, thoug 


tities from the pores in which it was confin 
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2 =." almast as long as the pump continues 
W 

I Shall now take away this, jar, and place another 
with warm water under the receiver: when the pres- 
sure of the air is taken off from the Surface. of the 
water, that which was contained therein unites in 
the form of bubbles; and, being acted on at the 
same time by the heat, the bubbles expand, and rise 
with so much violence as to carry with them a thin 
portion of the fluid, and occasion an appearance of 
ebullition on the water, similar to that of g. 
When the fluids are of a more viscous nature, as 
beer, ale, &c. the bubbles of air cannot burst their 
cases, and the fluid is formed into froth. | 

J place a jar of new ale under the receiver; as soon 
as I begin to work the pump, the ale is filled with 
bubbles of air, which rise copiously from every part; 
and, being coated with the viscid particles of the ale, 
are prevented from bursting, and form on the sur- 
face thereof a white frothy cad. 
Here are a. yariety of substances chat 1 baye put 
into different jars with water, in order to place them 
under a receiver, and exhaust the water therefrom. 
The air lodged in the pores of these substances is as 
dense as that of the surrounding atmosphere, be- 
cause it sustains, and is a counterbalance to the 
pressure thereof; - as soon, however, as it is freed from 
this pressure, it expands and escapes in 00 eat quan- 

e 


d. The 
water is used to render the escape of the air visible; 
the air, as you have seen in the preceding experi- 
ments, assumes in its passage the ſorm of so many 
globules, a shape that any other fluid would assume 
Where it is pressed equally in every direction by an- 
other fluid. The water you use in these experi- 
ments should be preyiously deprived of i its air, either 
by extracting jt therefrom by an air-pump, or by 
boiling it, which will answer equally well. 
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Let us place this new-laid egg, that is in a jar 
covered with water, under a receiver. As I work 


the pump, the surface of the egg is covered with 


small pearly bubbles of air, which separate by de- 
grees, and rise to the surface of the water: at cer- 


tain parts of the egg you perceive small jets of air, 


which are formed by a continual succession of these 
lobules. The shell of an egg is porous, and in a 
ew days a part of its internal surface will evaporate; 
this is soon replaced by the air which surrounds it. 


The air contained in the egg will not escape so long 


as it is retained hy the pressure of the atmosphere; 
but, when this pressure is diminished, then the in- 
_ ternal air expands and endeavours to pass out, and 
thus discovers to us the pores in the shell. I shewed 
ou in Lecture III. p. 86, the bubble of air at the 
bach end of the egg, which bubble is one of the 
means used by nature for bringing to perfection the 
chicken which is contained in embryo, in what we 
usually call the treadle of the egg. The warmth 
communicated by the hen to the air in this bubble 
expands and puts it in motion; the air reciprocally 
presses on, and communicates this motion to the 
egg, which in some unknown manner promotes the 
formation of the chicken. When the large end of 
the egg feels cold to the tongue, it is a proof that 
the egg is bad, that the air and milky substance 
thereof have escaped; in consequence of which, the 
egg becomes tale, putrid, or addled. M. Heaumur, 
the famous French naturalist, who seldom confined 
his speculations to mere curiosity, has shewn, that 
by stopping up the pores of an egg with varnish, or 
a slight covering of mutton suet, it may be pre- 
served perfectly fresh, and generally even fit for 
incubation five or- six months after it has been laid. 
This piece of wood is fixed to a weight, to keep 
it immerged in the water. I place it in a jar under 
voz. I, 0 | 


| 
| 
| 
| 


| 
|. 
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the receiver, and the air contained in the pores of 
the wood rises in great quantities in fine streams. 
You will find the same appearances from most sub- 


stances, which you may try at your leisure. 


Here is a long piece of wood fixed to this piece of 
brass; the brass serves to cover the top of an open 
receiver: the long part of the piece of wood is im- 
merged in the jar of water, plate 3, Ag. 1, while the 
upper part is exposed to the open air. Place your 
thumb upon the top of the wood, to cut off its 


communication with the air: white I work the pump, 


you ste the air contained in the pores of the wood 
rush through the water, as in the preceding experi- 
ment. Take off your thumb, and a vast stream of 
air flows in through the wood; by alternately taking 
away and placing your thumb on the wood, you will 
altcrnately interrupt and permit the influx of air. 
This experiment shews that wood is pervious to air, 
and that the course of the air-vessels is lengthwise. 
This wooden cup is contrived to fit on the top of 
an open receiver: to the bottom of this cup a piece 
of wood is fitted, plate 3, fig. 3. I shall place the 
cup upon an open receiver, pour some quicksilver 
in it, and then exhaust the air from the receiyer. 
This being sufficiently exhausted, I pull ont this 
plug, which lets the mercury come to the top of the 
piece of wood: the air, you sce, forces it through 
the pores thereof in such fine streams, as to form a 
shower of silver. Here is another cup, furnished at 


bottom with a piece of buff-skin; by placing this on 


a receiver, and exhausting the air as before, we pro- 
cure another shower of mercu 


A piece of wood, considered zecording to its 
length, is a collection or bundle of fibres included 


within the bark, which serves as a common tegu- 


ment: how small soever these ligneous fibres may 


be, it is plain from the 1 . that 
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there are interstices between them, forming so many 
little canals or tubes; through which the air a 

It is owing to the porosity of wood that it is liable 

to such a variety of changes in its volume or bulk. 
It is hence that wainscotting in new buildings, and 
other joiners work, which are not made of seasoned 
stuff, often cleave with a great crack, and the joints 
lose their exactness and solidity;- and many other 
instances that will easily occur to your recollection : 
for all these effects arise from an increase of dimen- 
sion by moisture, or diminution by dryness. The 
experiment with a piece of buff-skin proves the 
extreme porosity of the skin of animals; the quan- 
tity of matter which is thrown off from the human 
body through the ' > — is really surprizing. From 
the experiments of Sanctorius, and others, it appears, 
that of eight pounds of nourishment, which a man 
may have taken in twenty-four hours, insensible 
transpiration carries off five of them. 
Here is a small piece of wood cut smooth at each 
end, and immerged in a bason of quicksilver; these 
I place under a receiver: on exhausting the air, 
what is in the wood flies out of the pores, passing 
through the mercury; on letting in the air again, 
it will fall with so much force upon the mercury, 
as to inject it through all the pores of the wood. 

It is very probable that Rwuisch and Lieberkuhn 
made use of the pressure of the atmosphere for in- 
jecting fluid substances into the smaller vessels of 
the human body, which has rendered some of their 
anatomical preparations 80 famous. The method 
they used is not known, But a Dr. Beuth is said to 
have recovered it, and described the manner.“ 

There only remains to shew you, that the air 
contained in the pores of different substances may 


*Positiones Physica. 
0 2 | 
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be disengaged by dissolving them in any menstruum. 
The particles of the body to be dissolved are dis» 
united and subdivided by the dissolvant, and the air 
being no longer confined, with facility. The 
following experiment, which you may make any 
-where, wants no apparatus but a tumbler of water 
and a deep dish or bason. As the experiment is of 
considerable importance, and the expert manage- 
ment thereof will be necessary when you come to 
consider the nature of elastic fluids, I shall be very 
full thereon. e 


TO CONVEY ATR FROM ONE VESSEL TO ANOTHER. 


Take any common glass receiver, phial, &c. fill it, 
put your finger or open hand on the mouth of it, 80 
as not to let any water drop out, and invert it in @ 
bason of water, taking care that the mouth of the 
vessel may be a little way below the surface of the 
water in the bason; then slip away your hand, and 
the glass vessel will, as you see, remain filled with 
water. The weight of the atmosphere pressing 
upon the water in the bason sustains the water in 
the glass. | G | 

It I wished to introduce some common air into 
this glass receiver-filled with water, which stands in 
a deep vessel of water, and preserve it there de- 
tached from the general mass, I proceed in the 
following manner: I take a small vessel, as this tea- 
cup, filled only with air, plunge it in the water of 
the bason with the mouth downwards, which pre- 
vents the air from escaping; I then lift the glass 
from the bottom of the bason, but not so high as to 
come out of the water, bringing the cup under it, 
and. then turning the mouth thereof downwards; 

the air is then — out of it by the water, and 
ascends to the upper part of the glass; being here 
eonfined by the water, you may keep it for any 
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length of time. I now take away the cup, and set 
the glass down again on the bottom of the bason. 
The method of thus conveying air and confining it 
being explained, I return to the experiment of 
shewing you the air disengaged from substances b 
dissolution. I first inverted this tumbler filled wi 
water, as before directed; I put a piece of sugar 
under the tumbler, and you see that, while it is 
dissolving, bubbles of air are continually escaping 
from it, that they rise from the top to the bottom of 
the jar, forcing the water out by their expansion, 
and occupying the space it quits. Thus have I 
shewn you that air, or some elastic fluid, is com- 
bined with, and forms a part of most substances, and 
may be disengaged from them by one or other of the 
four methods just described. | 
This combination is an object worthy of admira- 
tion: you here find a large quantity of an elastic 
fluid, which, when disengaged, occupies a space 
many times larger than the substance from which it 
was extracted; yet, when combined therewith, is 80 _ 
far from tearing it to pieces, or even inflating: it, 
that it appears in several instances to be necessary to 
its cohesion and consistency. 1 . 
You have seen how soon water began to boil under 
the receiver of an air- pump, and that with a heat 
considerably less than is necessary for the ordinary 
production of ebullition. Indeed, without the pres- 
sure of the atmosphere, water would begin to boil 
with an ordinary heat, and would be transformed 
into a vapour, having its particles scattered indefi- 
nitely through the surrounding space; an incum- 
bent pressure retards the production of vapour from 
those substances, which yield it naturally while 
under less pressure. Thus fermenting liquors yield 
a great quantity of elastic fluid under the usual gra- 
yity of the atmosphere; but the production thereof 
i considerably retarded in condeused air. In like 
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manner, fruits included in a receiver wherein the air 
is much condensed, do not yield the same quantity 
of air they are wont to do in a less dense — . 
In most cases, if the substance from which the air 
has been extracted be exposed again to the air, it 
regains sooner or later chat it had lost. M. Mari- 
otte proved this circumstance by a very simple ex 
riment, that you may repeat at your leisure. 
this purpose he extracted the air from a quantity of 
water, first by boiling it, and afterwards keeping it 
sometime in yacuo Ge then filled a phial with this 
water, inverted it, placing the mouth under water; 
letting, after this, a bubble of air into it, accordin 
to the method explained. The bubble of air dim 
nished by degrees, in three days it was entirely vas 
nished; which proves that the air had been absorbed, 
or had by some means insinuated itself into the 
pores of the water. * * A 


OF THE ArR'S RESISTANCE. 


The frame in my hand contains two mills, plate 3, 
fg. 4, each of which has the same number of vanes 
or sails of the same weight, and of the same length 
and breadth; with this difference, that in one the 
vanes are fixed edgewise, so as to cut the air with 
only a thin edge; the other breadthwise, meeting 
the air with the whole of its surface. This spring 
presses strongly against the two pins which are fixed 
to the naves of 'the mills; the piece which holds 
them. presses equally against' them, and thus gives 
them an equal impulse; when I set them in motion, 
they both begin to move with equal velocity; the 
one which meets the air with its whole surface now 
moves slower than the other —it has stopped; whereas 
the other still continues to move. We learn from 
this experiment two things: Ist, That the air is a 
resisting medium. 2d. That it resists in proportion 
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to the surface opposed to the air; for the mill which 
met and divided the air by the edge, having less air 
to remove, met with less resistance, and continued 
to move longer. Hence you see, that the same mass 
may meet with a different resistance in the same 
medium, according as it presents to it a greater or 
a lesser surface: hence also you will observe, that a 
waterman makes his oar act on the flat or broad side, 
when he uses the resistance of the water to push him 
on; but that he lifts it out by the edge, that he may 
have less weight to surmount. 

This experiment will receive additional force, if 
at your leisure you place your mills under the re- 
ceiver of an air-pump, and when the air is ex- 
hausted, put the mills in motion; the resisting me- 
dium being removed, they will both yy at the same 
Une. = 

The experiment with the guinea and feather is 
one of the most celebrated among those 75 with 
the air-pump. This apparatus, plate 3, fig. 10, is 
t contrived as to let the guinea and — fall at 
the same instant from the upper-part of the receiver. 
The experiment may be repeated three times with- 
out taking off the apparatus, or exhausting the air 
afresh, the apparatus being so constructed as to let 
three guineas with their feathers fall APY at 
_ fierent times. 

Jo make the effect more sensible, I shall let one 
guimen and feather fall while the air is in the receiver, 
and you see the guinea reaches the bottom in an 
instant, but the feather descends gently, and with 
un indirect motion, to the bottom. I shall now ex- 
haust the receiver; it is ready: look steadfastly at the 
bottom of the glass, and you will perccive the guinea 
and feather arriving at the same moment on the 
plate of the pump; proving chat a light body falls 
Just as fast as a heavy one in an rr 
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Birds make use of the resistance of the air to fact- 
litate their motions; in the same manner as fishes 
make use of the water; by striking the air with their 
wings they move forwards, their tail serving as a 
rudder to direct their course. The breast-bone, in-. 
stead of being flat, rises gradually from the spine, 
and terminates in a sharp keel, which enables them 
to 'cut the air with ter facility: for the same 
ptirpose the heads of birds are proportionably smaller 
than those of quadrupeds, and most of them termi- 

nate in light sharp- pointed beaks. But, as the re- 


_ sistance of the air is less than that of water, it must 


be struck with more swiftness or with a greater sur- 
face. Hence you find that those birds which fly for 
a long time and far, as swallows, &c. have generally 
small bodies, many feathers, and large wings; while 
those of a shorter or less frequent flight, have com- 
monly more flesh and less wings in proportion. The 
latter, on observation, you will find beat their wings 
oftener than the others in flying. Sparrows, chat- 
finches, goldfinches, linnets, &c. fly as 1t were by 

starts, and do not support themselves long in the 
same direction. Their wings cannot raise and sus- 
tain their bodies, but by a velocity in their motions, 
which they are obliged often to intermit: during 
the intermission their weight gains upon them, and 
they lose part of that elevation they had before ob- 
tained, so that their flight is only a succession of 
jerks and starts. There are birds which support 
themselves for some time at the same height without 
seeming to move their wings; this is called plane- 
ing. There is little doubt but that they move their 

wings at this time; but then the vibrations thereof 

are so quick and so short, that they cannot be per- 

ceived on account of the greatness of the distance. 

You will observe that these planeing birds are ob- 

liged from time to time to regain that height, by a 
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flight in the common way, which they have in- 
sensibly lost; and they then, by slower and more 
extensive motions, repose, as it were, the muscles 
that have been fatigued by these short and frequent 
motions. | «obey nh 
The resistance of the air is a matter of great im- 
portance in the theory of gunnery, and allowance 
must be made for it in all its calculations. And 
though every well-disposed mind is desirous of dis- 
couraging any improvements in the instruments of 
death, yet must the study of arms be continued and 
promoted till those times come, © when nation shall 
not lift up sword against nation, neither shall they 
learn war any more.” The nature of the resistance 
of the air, and the method of investigating it, are 
too abstruse and delicate to make a part of our Lee- 
tures. I can only drop a hint or two, to shew you 
the m doo} its effects; and hence the import- 
ance, of some branches of science, which might 
otherwise appear to you but of little use. Cannon 
or musket-shot projected with velocities from 400 to 
1600 feet in a second, by their great velocity leave 
behind them, during their passage through the air, 
a partial vacuity: but when the velocity is equal to 
1600 feet in a second, the space described by the 
ball, as it moves along, may be called an absolute 
vacuum; consequently, a ball moving with this ve- 
locity, must be resisted by the whole weight of the 
atmosphere, exclusive of the effect derived from 
the air displaced. Mr, Robins found, that this re- 
sistance on the ball of an iron 24-pounder, whose 
diameter is nearly five inches and an half, amounted 
to 540 pounds. FORT | 
There is another circumstance which increases 
the resistance in bodies moving with great velo- 
cities; such, for instance, as 1800 or 2000 feet in 
a second: for the air before the ball, being in this 
£ase condensed, exerts a force of elasticity against 
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it, in proportion to the compression. This elastie 
force of the air, when exerted — bodies of small 
weight, but moving with considerable velocity, may 
become so great in proportion to the weight, as 
not only to destroy the motion communicated, but 
even to repel them; which is frequently observed to 
happen when very small shot are discharged by u 
large quantity of powder; in which case, the shot re- 
turns back in a direction contrary to that in which 
they were projected. a 1 


AIR, USEPUL IN RESPIRATION. 


Your own observations and experience have shewn 
you, that the organization of the human frame is n 
subject worthy of the most serious attention. The 
nature of the present Lecture leads me to explain 
some parts thereof, and to consider some of those 
processes that are carrying on within it for the main. 
tenance of its economy. You breathe continually, 
and you are sensible you could not live without 
breathing; so that to live and to breathe have been 
considered as 8ynonymous terms. Thou takest 
away the breath, says the Psalmist, and they die. 
'This operation, which of all the acts of animal life, 
is one of the chief and most necessary, is'in general 
called respiration. It consists of two actions; one, 
by which we draw air into the lungs; andthe other, 
by which we expel it from them. The former of 
these is called inspiration, the latter expiration; mo- 
tions that are more evident or sensible than any 
other that are performed within the body. They 
begin the moment we are born, and continue as 
long as we live. They are partly voluntary, and 
partly involuntary; continuing during sleep and 
apoplexy, when the will has no power; - but we can, 
on the other hand, increase, diminish, accelerate, or 
retard these motions as often as we please. The diges- 
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ton of our food, the circulation of the blood, secre- 
tion, and absorption, though all essential to animal 
life, are not sufficient to preserve it a few minutes, 
without the constant flowing of fresh air into the 
langs, and its reflux into the atmosphere. 

he organs of respiration, acted upon by the air, 
are as the gk Wheel in a machine, which recetves 
the moving power. Heat preserves the — of 
the blood and humours, and acts as an expan 
force in the stomach, heart, and blood-vessels; which 
force is counteracted from without by the atmos- 
pherical pressure; for the want of which, the ves- 
gels would be ruptured by the prevailing fores 
within. 

Animal life, considered only as motion, is main- 
tained like the other motions of nature, by the 
action of contrary forces; in which there 1s this 
wonderful property, that neither appears to have 
the priority, and whose joint effect 1s a motion, 
whkoh, in theory, is perpetual. The flame of a 
candle cannot burn without fire, nor be lighted 
without air; which of these is first we cannot say, 
for they seem co-instantaneous, and they work to- 
gether till the matter fails which they work upon. 
Thus also, when the animal is born into the world, 
and the candle of life is lighted up, it is difficult to 
give any precedence to the elementary powers b 
which it is supported. The weight of the atmos- 
phere forces into the lungs, as soon as they are ex- 
posed to its action, that air which is the breath of 
life; but this could not happen, unless the more 
subtile element of fire were to occasion a rarefaction 
within; and this reciprocation once begun is conti- 
nued through life, though it will fail, if the action 
of the elements upon it ccase.“ 


> 


* Jones's Sermons, vol. ii, p. 92. 
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Air is as essential to the combustion of bodies ay 


o the support of animal life; so much so, that even 


those which are the most combustible will not flame, 
but in contact with air; and those which are already 
inflamed are extinguisbed on being deprived of it. 


Thus, if a candle be put under a close receiver, it 


will be extinguished in a longer or shorter time, 
according to the quantity of air contained in the re- 
ceiver, and the size of the candle. You know, on 
the other hand, how much fire is quickened and in- 
creased by a blast of air; so that air is not only ne- 
cessary to the action of fire, but it would seem, that 


- the action of fire in general is the joint action of air 


and fire together. It follows also, from what has 
been said, that a candle will burn but for a short 
time in rarefied air, and not at all in vacuo. Air is 
not only necessary for the support of animal life and 
combustion, but it is also necessary that the air be 
good; for contaminated air is as pernicious to both 
as a vacuum. There is, you sce, a striking relation 
between the flame of a candle, and the principle of 
life in an animal body; they are both supported by 
air, and the same contaminated air that puts out the 
candle, extinguishes animal life; and that air, which 
is too much rarefied to keep a eandle burning, is in- 
sufficient for respiration. | 

There is no animal found, how seemingly torpid 
soever it may be, that does not require a needful 
supply of air, the great parent of health and dis- 
penser of light and warmth. Even fishes, which 
are furnished with magazines of air, and with the 
means of appropriating to themselves that which is 
disseminated in .the water, rise from time to time to 
recruit their stock, and will live but a little time in 
water from whence the air is extracted. Some ani- 
mals bear indeed a vacuum better than others, 


Those which have two ventricals to the heart, as 
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man, quadrupeds, birds, and probably cetaccous 


fighes, perish. therein in a few minutes; while those, 
which have only one ventricle, as reptiles and fish, 
live in a vacuum for several hours. Besides the de- 
privation of air in a vacuum, there are other causes 
which render it destructive of life: among these is 
the dilatation of the air lodged in the cavities of the 
body, as well as that contained in the pores of the 
fluids; for this, being no longer subject to the 
pressure of the atmosphere, expands and separates 
the fluids in the capillary vessels, and often bursts 
them. N | 

Many animals have been tortured in a receiver, 
merely to observe their manner of dying: thus have 
men gratified curiosity at the expense of humanity; - 
and that” too often without any probability of ex- 
tending the bounds of science, or promoting the 
good of mankind. No rational excuse can be given 
tor depriving a poor creature of its life, the greatest. 
boon that nature can bestow, or even to put it in 
pain, but an object of utility: he, who can from 
thence procure benefits for the higher orders of 
animated beings, may be permitted to exert the 
powers he possesses over the inferior orders of life; 
but he greatly errs, if he supposes these powers may 
be used to gratify wanton curiosity or the sports of 
an inordinate fancy. 

I shall, therefore, only relate to you one instance 
among many: Mr. 8 a new- caught viper, 
and, shutting it up in a small receiver, extracted the 
air therefrom: at first, upon the air being drawn 
away, it began to swell; some time after he had done 
pumping, it began” to gape and open its jaws ; it 
then resumed its former lankness, and began to 
move up and down within the receiver, as if to seck 
for air. After a while it foamed a little, leaving the 
foam sticking to the inside of the glass: soon after 
che body — neck grew prodigiously tumid, and a 


222 Aix USEPUL 


blister appeared upon its back. In an hour and an 
half after the receiver was exhausted, the distended 
viper moved, being yet alive, though its jaws re- 
mained quite distended; its black tongue reached 
beyond the mouth, which was also grown blackish 
in the inside; and in this situation it continued for 
three hours: but upon the air being re- admitted, 
the viper's mouth was presently closed, and soon 
aſter opened again; these motions continuing for 
some time, as if there were still some remains of 
life. It is thus with animals of every kind; even 
minute microscopical insects cannot live without 
The most interesting facts relating to combus- 
tion, and even animal life, may be — by a 
few experiments. Stick a straight piece of wax 
taper, about four inches long, upon a large cork : 
then take an empty quart bottle, and hold it by the 
neck in an inverted position; light the taper, and 
introduce it quickly into the bottle, taking care not 
to put it out by touching the sides of the bottle: 
the cork being large closes the mouth, and prevents 
the entrance of any air from without. You have 
performed this, and you observe, that the flame of 
the taper contracts, grows dim, and in about one 
quarter of a minute goes out. Now withdraw the 
taper, . closing the mouth of the bottle with your 
thumb: light the taper again, and slipping off your 
thumb, introduce it into the bottle, and you will 
sce, that it will be immediately extinguished; tune 
air being so vitiated, as to be incapable of assist- 
ing the flame. If you wish to preserve the air in 
the bottle, and try the experiment when the smoke 
is subsided, either cork the bottle carefully, or 
place it iu an inverted position, with the mouth under 
water. | 
Put eight or ten pieces of money, one upon 
another, in a bason, so as to form a small pile or 
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pillar therein; on these put some cotton or pieces of 
paper, with a little brimstone; then pour water into 
the bason, so as to reach about one- fifth or one- sixth : 
part of the height of the pillar of money. After 
this invert a large plain glass tumbler upon thę cotton 
and its support. You must incline the tumbler, 
while you are putting it down, in order to let some 
water in and some air go out, and make a mark on the 
outside of the tumbler, exactly coinciding with the 
level of the water wp This being done, let us 
take this apparatus into the sun-shine; and, by 
means of a burning-glass, throw the collected rays 
of the sun upon the cotton and sulphur. We have 
thus inflamed them; the air within, being rarefied by 
the heat of the inflamed substance, depresses the 
water. It will sometimes force its way out: to pre- 
vent this, you should only use a small quantity of 
combustible matter, and let the water come up pretty 
high within the tumbler previous to the applica- 
tion of the lens. Having given you this caution, 
let us observe our apparatus: it is now become as 
cool as it was at first, and you see the water within 
the tumbler is risen above the mark; shewing, that 
the combustion of the cotton, &c. occasioned a 
diminution of the air in the glass. This diminution 
of air by combustion is a fact of considerable im- 
tance. 

I shall relate to you another experiment of the same 
kind, made by Dr. Hales, which you may repeat at 
your leisure. I took, says the tor, a lighted 
candle, about six-tenths of an inch in diameter, and 
put it under an inverted receiver, and with a syphon 
drew the water up to a certain height: then drawing 
out the syphon, the water would descend for a 

uarter of a minute, and after that ascend, though 

e candle continued burning and heating the air for 
near three minutes. The water did not ascend with 
an equal progression; it would sometimes move with 
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a slow, and sometimes with an accelerated motion; 
but the denser the fumes the faster it ascended. As 
soon as the candle was out, the Doctor marked the 
height of the water above its first situation. The 
difference shewed the diminution of air, which Dr. 
Hales supposed was owing to its elasticity being de- 
stroyed by the burning candle. As the air cooled, 
the water rose in the receiver, and continued rising 
for twenty or thirty hours. He deduced from this 
experiment, that about th ofghe whole quantity of 
air was destroyed by combustion. 

The respiration of animals produces the same 
effect on air as combustion, and their constant heat 
is probably an effect of the same nature. When 
an animal is included in a limited quantity of at- 
mospherical air, it dies as soon as the air is vitiated. 
This may be stated in more general terms: when- 
ever combustion, or any similar process, is carried on 
in a vessel containing atmospherical air, it is found, 
that the process ceases after a certain time, and that 
the remaining air, which is about three-fourths of 
the whole bulk, is so altered as to be incapable of 
maintaining combustion, or supporting animal life. 
From these experiments it is clear, that one of the 
ſollowing consequences must take place: 1. The 
combustible body must have emitted some principle, 
which, by combining with the air, has rendered it 
unfit for the purposes of combustion. Or, 2. It has 
absorbed part of the air, which was fit ſor that pur- 
pose, and has left a residue of a different nature. 
Or, 3. Both events have happened, namely, that the 
pure ut of the air has been absorbed, and a prin- 
ciple has been emitted, which has changed the ori- 
gina] properties of the remainder. These circum- 
stanccs are only mentioned at present, in order to 
awaken your attention to this curious subject, but 
will be considered more fully hereafter, 
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The following calculation has been made from 
the data furnished by Dr. Hales's experiment: the 
flame of the candle he used occupied about half a 
_ cubic inch, and yet consumed about seventy-erght 
cubic inches of air in three minutes, which 1s about 
3744 cubic inches in a day, or 791 cubic feet in a 
year, If fires act according to their cubic di- 
mensions, which is the nearest rule we can follow, 
then a fire of a cubic foot would consume about 
3456 times as much as the candle, that is 2,733,696 
cubic feet in a year, Now, supposmg 170,000 
dwelling-houses in London, which it was computed 
to have some years back, and allowing two fires in 
an house, and making no account of candles, lamps, 
&c. the sum of cubic feet consumed in London, 
amounts to about 230,000 millions of cubic feet; 
and if all other circumstances in different parts of 
the world, relating to this consumption of air, were 
considered, the quantity usually allowed to the 
earth's atmosphere would be consumed in a much 
Shorter time than would be imaged. I must here, 
however, be content with a very gross reckoning, 
as it would be very difficult to obtain materials for 
making such an unwieldy calculation. In the course 
of these Lectures it will be shewn, that Divine Pro- 
vidence has provided abundant means for restoring 
the purity of the air, which is continually injured. 
by combustion, respiration, fermentation, and other 
procecsscs. | 

As breathing forms so necessary and important a 
function of animal life, I shall now endeavour to 
explain the organs thereof: you will thence per- 
ceive with what wisdom the interior parts of your 
body are disposed; and no doubt warm emotions of 
gratitude and adoration will arise in you mind 
trom a view of the admirable mechanism, and in- 
imitable workmanship displayed in ten thousand 
astonishing examples, and the exquisite wisdom with 
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which every part is adapted to its peculiar use; 
among these we may reckon the mechanism of re- 
spiration: this will be enhanced when you consider, 
that you breathe twenty times every minute, or 1200 
times in an hour, and that every thing is ordered by 
Divine Providence, that nothing happens to stop 
the faculty of breathing when we eat or drink, or 
sleep, though a thousand hurtful things, without 
this divine ordering, might enter the wind-pipe, 
which would prove instant death : for the food 
which enters the gullet passes over the wind-pipe, 
which is furnished with a lid or valve. When any 
food advances to the stomach, this lid is pulled down 
and shut close; but the moment the morsel is swal- 
lowed, it instinctively opens, and leaves the passage 
free for the necessary accession of air. 

Galen, an ancient and celebrated anatomist, ob- 
serves in his treatises, De Usu Part. lib. iii. That 
those treatises, which display the transcendent excel- 
lences of the great Creator, compose one of the 
noblest and most acceptable hymns. To acquaint 
ourselves with his sublime pertections, and point 
out to others his infinite power, his unerring wis- 
dom, his boundless benignity, is,“ says he, “in 
may opinion, a more substantial act of devotion, 
than to slay hecatombs of victims at his altar, or 
kindle mountains of spices into incense.“ To ex- 
cite this spirit of devotion in you, I proceed to ex- 
plain some of the exquisite contrivances in the 
human frame. But, not being an adept in the sci- 
ence of anatomy, I must hope for some candid in- 
dulgence, in case I should offend against precise 
anatomical exactness. | 

The lungs are two viscera, contained in the ca- 
vity of the thorax or chest, and are there fenced, 
according to Job's expression, with bones and sinews. 
The ribs being turned into a regular arch, are 
Aoveable on a kind of center, to assist the act of 
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respiration, and form a secure lodgment for the 
heart and lungs, two of the most distinguished and 
important organs of life. The lungs are distin- 
ished into right and left, having a broad basis be- 
ow, and being terminated above by an obtuse point. 
The right, or larger lung, is divided into three 
lobes; the left, or smaller, into two. The internal 
fabric of the lungs is composed of many small lobes, 
separated from each other by intermediate intervals; 
which intervals are filled with a loose cellular sub- 
tance, through which vessels are distributed. The 
smaller lobes are subdivided into lesser ones, which 
are still composed of others, but always decreasin 
in magnitude; terminating at last in very smal 
membranous cells or vesicles, variously figured, and 
full of air, communicating on all sides with one 
another. Keil computed the number of these ve- 
sicles to be 1,744,000,000. The pulmonary artery 
and the pulmonary veins are distributed by numerous 
ramifications throughout the whole lungs, the small- 
est vessels encompassing each vesicle like a net. 

The external air has access to the lungs by the 
trachea, or wind-pipe: the uppermost part of this 
pipe, called the larynx, opens into the throat by 
an aperture, called the epiglottis, and communi- 
cates with the atmosphere by the mouth and nos- 
trils, The trachea is a flexible pipe, composed of 
a series of cartilaginous rings, joined by muscular 
fibres, and lined with a membrane. This tube, 
descending into the lungs, divides and ramifies 
itself in company with the numerous branches of 
the pulmonary artery, and, together with them and 
the veins, form the spongy substance called the lungs. 

he thorax or chest, in which the lungs are 

placed, is composed of bones, cartilages, and muscles 

so artfully arranged, that its cavity may be enlarged 

or diminished at pleasure. This is brought about, 
P 2 
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partly by the elevation of the ribs, partly by the putt» 
ing down of the diaphragm, or muscular partition 
that divides the chest from the lower belly. 

This partition naturally bulges convexhy up- 
wards, £0 as to incroach considerably on the cavity 
of the thorax; but, on inspiration from a convex, 
it becomes nearly a plane surface, and thus gives a 
space to the chest, which it takes from the lower 
belly. | 
The cavity of the chest may, therefore, be en- 
larged in two different directions: by the elevation 
of the ribs it becomes wider; by the depression of 
the diaphragm it becomes deeper. 

When the intercostal museles elevate the chest, 
and when the diaphragm is drawn downwards, the 
cavity of the thorax is enlarged, and the air within 
the lungs is expanded in proportion to the acquired 
space. This air, of course, becomes rarer, and spe- 
cifically lighter than it was before: it was then in 
equilibrio with the atmosphere; and this equilibrium 
being removed by the expansion, the external air 
enters the larynx, and flows through all the branches 
of the trachea, restoring the balance between the 
ambient air, and that in the lungs. 

Whether the chest is swelled by inspiration, or 
depressed by expiration, the lungs fill the whole 
cavity, and are always in contact with the pleura, 
no air being permitted between this membrane 
and the external surface of the lungs; for if there 
was, the lungs could not possibly play, as this air 
would counterbalance the pressure of the atmos- 
phere. . 

So many organs being subservient to respiration, 
and this important function being performed by 
means of such curious and complicated mechanism, 
no wonder that various attempts have been made 
to explain the immediate cause that excites this 
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function: but the subject, after exhausting much 
ingenuity, remains still unexplained; and the most 
skilful anatomist knows no more than the humble 
easant. | 
All that is known amounts only to this: we have 
2 sensation which excites us to expand our chest; 
the action accompanies the inclination, and the air 
flows into the lungs. When enough is admitted to 
answer the purposes of health, we feel an equal de- 
sire of expelling it, which is directly followed by the 
accomplishment of that desire; and those alternate 
feelings are constantly renewed and gratified, with 
or without reflection, asleep as well as awake, while 
life continues. | 
The quantity of blood, which is poured by ten 
thousand streams into the lungs, is exceedingly great; 
equal to, or even perhaps greater than, that which 
is sent in the same time throughout the rest of the 
body; proving that there is some considerable use 
peculiar to this viscus. Physiologists are not a 
with regard to all the uses of the lungs, or the be- 
nefits resulting to the body from breathing; some 
of these are evident and undisputed. The corre- 
spondence of the action of the lungs with thought 
and speech cannot be doubted ; for it is by their 
means the voice is modulated, and that we have the 
power of speech. When we think tacitly we breathe 
tacitly; when we think deeply we breathe deeply; 
drawing in and relaxing, compressing and eleyating 
the lungs according to the thought. By the air 
entering the nostrils, and conveying the effluyia, 
breathing becomes instrumental to the sense of- 
smelling. Every thing in the body is so connected, 
that when the lungs: respire, all and every thing in 
the body is actuated by the respiration of the lungs, 
and the pulsation of the heart; for the heart is 
joined to the lungs by its auricles, and also all the 
viscera of the whole body are joined by ligaments to 
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the cavity of the breast; and that in such manner, 
that all and every part is affected by the respiratory 
motion. When the lungs are inflated, and the 
thorax expanded by the ribs, the pleura is also di- 
lated, and the diaphragm pressed downward; and 
with these all the inferior parts of the body, which 
are connected to them by li ts, receive some 
action from the action of the lungs; the alternations 
of respiration entering or affecting the inmost re- 
cesses of the viscera. There is a perfect conjunction 
of the motion of the heart and lungs with all and 
every part of the body: to render this conjunction 
more complete, the heart itself is also in the pul- 
monary motion, lying in the bosom of the lungs, 
adhering to them by its auricles, and resting upon 
the diaphragm, from which also its arteries partici- 
2 of the pulmonary motion. The state of the 
tangs depends also upon the blood from the heart; 
for when the influx of blood ceases, respiration 
ceases. ES 
There is a most intimate connection between 
the act of respiring and the circulation of the blood. 
When respiration is for a short time interrupted 
by the fumes of burning sulphur, by mephitic air, 
or by remaining some minutes under the water, 
the action of the heart ceases: but, in many cases 
of this kind, the motion of the heart may, and 
frequently has been renewed, by blowing air into 
the lungs, &c. In persons seemingly dead, from a 
suspension of respiration, if the lungs can be excited 
to act, the motion of the heart instantly commences, 
the circulation of the blood is restored, and life re- 
covered. AL | 
The blood of the heart is purified in the lungs 
from things indigested, and attracts from the air a 
necessary nourishment. This is evident, not only 
from the influx of the blood, which is venous, and, 
consequently, replete and recruited with chyle col- 
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ſected from food and drink, and therefore unqualified 
in this state to perform the vital tour ; it is evident 
also, from the expirations which are humid, and 
often manifest their operation from their odour ; 
the effluvia thus exhaled being so corrupted, that 
they would prove fatal if retained in the lungs, or 
if breathed other animals; and, further, from 
the diminished quantity of blood returned into the 
left ventricle of the heart. That the blood attracts 
from the air a suitable nourishment, is evident from 
the vast quantity of exhalations and effluvia, with 
which it is impregnated, and which flow into the 
lungs with it: in the spongy cells of this — 
laboratory it imbibes the influence of the extern 
air. Hence it is, that in the air-cells, or inmost 
part of the lungs, there are in great abundance small 
veins with mouths, which absorb such things; and 
also that the blood returned into the left ventricle of 
the heart is changed into arterial blood, and becomes 
florid; proving that the blood is here purified from 
things heterogeneous, and nourished with things 
Homogeneous.* 
Respiration gives rise to many other functions of 
the animal economy. All animals furnished with 
lungs express their wants, their affections, and aver- 
sions; their pleasures and pains, either by words or 
by sounds peculiar to each species: these different 
sounds are produced by straightening or widening 
the wind- pipe, or the passage through which the 
air passes in respiration. The inferior animals are 
by this enabled to express themselves in such 


* Diemerbrocc+ mentions finding dust in the vesiculæ of the 
lungs of two asthmatic persons that he opened: one a stone- 
cutter's man, the vesiculæ of whose lungs were so stuffed with 
dust, that, in cutting, his knife went as if through a heap. of 
sand. The other was a feather-driver, who had these bla 
Hlled with the fine dust, or down of feathers. | 


+ Derhkan's Physico-Theology, Logographic edit. p. 21 % 
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manner as to be intelligible to eve:y individual of 
the species. | OTE 44 1:5 
To man alone Divine Providence has given the 
giſt of speech, the means of expressing his various 
elings and ideas, by regular, extensive, and esta- 
blished combinations of articulate sounds. Speech is 
performed by a very various and complicated ma- 
chinery, In speaking, the tongue, the lips, the 
Jaws, the whole palate, the nose, the throat, toge- 
ther with the muscles, bones, &c. of which those 
organs are composed, are all employed to modulate 
the sound, and form the voice, and produce speech, 
which procures to us such innumerable benefits. 
This combination of organs we are taught to use 
when so young, that we are hardly conscious of the 
laborious task, and far less of the manner by which 
we pronounce different words and letters. 
It is from God alone that man has the faculty of 


speech, the power of articulating his voice, and of 


giving it a variety of distinct sounds at his own will 
and choice, It is xs alone who provided man with 
the instruments by which he so articulates; who 
formed the human mouth and tongue to be much 
more pliant, moveable, and flexible than the same 
parts of other animals. It is xs who furnished 
those immediate organs of speech in man, with pe- 
culiar muscles, by which he can give to his mouth 
any degree of aperture and curvature; and to his 
tongue, any kind of flexure he pleases, by an ap- 
plication of this agile member to any part within its 


sphere and motion. 


Absurd, indecd, is the opinion of those who em- 
brace the idea of Diodorus Siculus, That the first 
men lived for some time in woods and caves, after 
the manner of beasts, uttering only confused sounds.“ 
It is hardly possible for any man to form a judg- 
ment more contrary to the nature of things: for 
docs not the nature of almost all animals, beasts, 
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and birds shew us, that they have a natural untaught 
language, not consisting of confused sounds, but 
altogether distinct, by an articulate difference, and 
highly intelligible to every one of the same species. 
If, therefore, the nature of things will allow us to 
Suppose, that man was created as perfect in his kind, 
as the animals were in theirs, then the nature of 
things will oblige us to affirm, that the first men 
had from nature an untaught language, as suit- 
able to their nature, as useful, as distinct, and in- 
telligible to themselves, as that of beasts or birds is 
to them, in their several kinds. The language of 
every creature is natural, not taught; it is as much 
the effect of its whole nature, the joint operation of 
its soul, spirit, and body, as its life is; and is arti- 
culate, or not articulate, good or evil, harmonious 
or horrible, just as the life of the creature 
sesses more or less of a celestial or earthly har- 
mony. The whole philosophy of the language of 
all creatures, whether in heaven, or on earth, 
is to be found in these words of our God and 
Saviour, That out of the abundance of the heart the 
mouth speaketbh. 1 ee gn | 
If mankind: had not a natural language, they 
could never have invented an artificial, by their 
reason and ingenuity ; for all artificial language sup- 
poses some compact or agreement to affix a certain 
meaning to certain signs: therefore, there must be 
compacts or agreements before the use of artificial 
signs; but there can be no compact or agreement 
without signs, nor without language; and therefore 
there must be a natural language before any artifi- 
cial language can be invented.“ UH 
Respiration is concerned when we laugh; for to 
do this, we make a full inspiration, which is suc- 
ceeded by frequently interrupted and sonorous ex- 


* Reid's Inquiry into the Human Mind, p- 93. 
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pirations. When the titillation and consequent ex- 
— expirations are great, whether they arise 

m the mind or body, they interrupt the breathing 
to tuch a degree as to endanger suffocation. Mo- 
derate laughing promotes health, by agitating the 
whole body; it quickens the circulation of the blood, 


gives cheerfulness to the countenance, and banishes 
_ anxiety from the mind. | | 


We employ nearly the same organs in weeping as 
in laughing; it commences with a deep inspiration, 
which is succeeded by short, broken, sonorous, and 
disagreeable expirations. The respiratory organs are 
necessary in the acts of coughing, sneezing, yawn- 
ing, singing, sighing, and many other acts of the 
animal economy. inn 

By respiration odours are conveyed to the nose. 
You will find from observation that all animal and 
vegetable bodies, and probably all, or most other 
bodies exposed to the air, are continually sending 
forth very subtile effluvia in their various states of 
life and growth, fermentation and putrefaction. The 
smell of plants and of other bodies is caused by these 
volatile parts, and are smelled wherever they are 
scattered in the air. The acuteness of this sense in 
some animals shews that these effluvia spread far, and 
must be inconceivably subtile. These effluvia are 
drawn into the nostrils along with the air, which is 
continually passing through them in inspiration and 
expiration. | 

We are informed by anatomists that the mem- 
brane pituaturia, and the olfactory nerves, which are 
distributed to the villous parts of this membrane, are 
the organs destined by Divine Providence for this 
sense: so that when a body emits no effluvia, or 
when they do not enter into the nose, or when the 


pituary membrane, or olfactory nerves are rendered 
unfit to perform their office, it cannot be smelled. 
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Tou will observe that, notwithstanding these me- 
chanical instruments, it is evident that neither the 
organ of smell, nor the medium, nor any motions we 
can conceive excited in the above-mentioned parts, 
or in the nerve or animal spirits, do in the least re- 
semble the sensation of smelling. It is impossible 
to conceive or believe smelling to exist of itself with- 
out a mind, or something that has the power of 
smelling, and of which it is called a sensation, an 
operation or feeling. The faculty of smelling is 
something very different from the sense of smelling; 
for the faculty may remain when you have no sen- 
sation, and the mind is no less different from the 
faculty, for it continues the same individual being 
when that faculty is lost. | 

I shall now shew you the divine wisdom mani- 
fested by adapting the organs of different creatures 
to their particular states of receiving, respiring, &c. 
the air, and I shall proceed to lay before you one or 
two remarkable instances. Thus, though birds re- 
Spire by means of lungs, yet are they so constructed 
that the air is transmitted to almost every part of 
their bodies. The lungs of birds are so firmly at- 
tached to the diaphragm, the ribs, the side, and the 
vertebræ, that they can admit of very little dilation 
or contraction. Instead of being impervious, the 
substance of the lungs, as well as of the diaphragm, 
to which they adhere, 1s perforated with many holes 
or passages for the transmission of air to the other 
parts of the body: to each of these perforations a 
distinct membranous bag is joined; these bags are 
extremely thin and transparent; they extend through 
the whole of the abdomen, are attached to the back 
and sides of that cavity, and each of them receives 
air from their respective openings into the lungs. 
The cells in which birds receive air from the lungs 
_ found not only in the soft parts, but in the 

nes. | N e 
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Mr. John Hunter has made a variety of experi- 
ments to discover the use of this general diffusion of 
air through the bodies of birds; and from these we 
find, that it prevents their respiration from being 
stopped or interrupted by the rapidity of their mo- 
tion through a resisting medium. The resistance 
of the air increases in proportion to the celerity of 
the motion: were it possible for a man to move with 
a swiftness equal to that of a swallow, the resistance 
of the air, as he is not provided with reservoirs si- 
milar to those of birds, would soon suffocate him. 

Cetaceous fishes respire like man, by means of 
lungs, and are of course obliged at certain intervals 
to come to the surface, in order to throw out the 
former air, and to take in a fresh supply. Other 
species of fish are furnished with gills instead of 
lungs, through which they respire both water and 
air; for air is universally diffused or mixed with 
every portion of water. ides this, however, it is 
necessary that the water in which they swim should 
have a free communication with the air; for they 
cannot live long, if deprived of this vivifying ele- 
ment. a 

Insects are not furnished with lungs similar to 
those of men, quadrupeds, &c. but as the transmis- 
sion of air into their bodies is necessary for continu- 
ing the principle of life, they are Graiched with 
peculiar mstruments and apparatus for this indispen- 
sable purpose. For a description of these, I must 
refer you to my Essays on the Microscope;“ recit- 
ing only one instance, that of the larva of the musca 
pendula, Lin. as described by a very ingenious na- 
turalist. 

Being out on an excursion with some friends, 
they were struck with the appearance of a little 


* The second edition of this valuable work of the late author, 
with considerable additions and improvements by Mr. F. Kanma- 
cher, F. L. S. is just published. Epir. 
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puddle of reddish water, the surface of which was 
in- continual motion. On taking up some of this 
water, they found a number of dirty shapeless ani- 
mals, which had much the appearance of common: 
maggots, but much ugher; they were brown, thick, 
short and furnished with tails. I ordered them,” 
says our naturalist, © to be laid down on the grass, 
and dispatched a servant for some clear water, and 
then began to explain their nature, origin, and pro- 
perties. | | 

* I had often informed my companions that none 
of the winged insects were hatched from the egg, 
but that they were all first produced in the form of 
worms, maggots, or catterpillars; or, in other words, 
covered with skins, under which they live, move, 
and eat, with the appearance of animals very diffe- 
rent from their parents: they were not, therefore, 
surprized, when I informed them that the creatures 
before us were not in their ultimate state, but were 
the produce of the bee-fly, musca pendula. This fly 
is. instrucicd by the universal Guide and Guardian 

of nature, to lay its eggs about the edges of the 
water, Its young, while in the worm state, are to 
live and feed in the water; but the female cannot 
deposit her eggs in that element without perishing 
in the attempt: she lays them on dry land, near the 
place proper for the residence of her young, who 
are instructed by the same Guide to make their way 
to the water: and, finally, when they have acquired 
their full growth, and the animal is ready to burst 
forth into a new life, and enjoy the regions of the 
air, it again quits the water, that this great event 
may be performed at land. _ 

* The servant being returned with some water, 
I observed, that though respiration is necessary to all 
animal life, yet it is variously performed in the seve- 


ral species; and that, while man and the generality 


o- 
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of other animals respired by the mouth, this creature 
respired by the tail. e 5 4 
The insects we were examining were about half 
an inch long, and their tails near an inch. The 
water in the glass was proportioned at first to this 
measure in depth: on throwing some of the insects 
into it, their bodies naturally sunk with the head 
downwards; and, while they seemed searching after 
food about the bottom, the extremities of their tails 
were seen just above the water, and in continual 
motion. | 

* My companions, who have long since learnt to 
make every observation of this kind a source of ado- 
ration to the supreme Creator, Disposer, and Pre- 
scrver of all things, were admiring the care of his 

vidence, in contriving thus amazingly that a 
creature should not be suffocated while it fed: I or- 
dered a pint more water to be thrown into the glass, 
and they all cried out against my destroying these 
unfortunate animals; but their admiration was raised 
much higher than before, when I told them they 
would receive no harm, for they had a power of 
lengthening their tail about an inch, but that they 
were not left without means of life in a much greater 
depth of water. On adding a quart more water, it 
was soon found that the apparent tail of the insect 
was a mere tube, containing within it another much 
smaller, yet sufficiently large for to convey all the 
air that was necessary to this animal; a fine slender 
pipe being darted up out of this, and extended to 
the new surface: on raising the water two inches 
higher, the pipe was lengthened as far as was neces- 
sary; and so on, till the limits of the glass suffered 
us to carry the experiment no further.“ 
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From explaining the efficacy and action of air in 
respiration, I proceed to bring you acquainted with 
its agency in producing sound. The sense of hear- 
ing, by which we receive sounds, adds infinitely to 
our happiness; it opens to us a wide field of plea- 
sure: though it is less extentive in its range than 
that of sight, yet it frequently surmounts les 
that are impervious to the eye, and communicates 
information of the utmost importance, which would 
otherwise escape from, and be lost to the mind. 
Sound, by its divergence, extends in every di- 
rection, visiting a thousand with the same ease as 
one individual; freely communicating its tidings 
wherever attention excites an auditory, Every one 
feels that musical sounds are pleasing to the sensitive 
soul; I mean not here the harmony of sounds, for the 
rational mind only can be sensible of these; I mean 
such simple sounds as are tuneful, especially the 

elear, the smooth, and the lively. | 

You know that many species of the smaller feathered 
tribes take so much pleasure in sounds of this kind 
striking grateful on their ear, and exhilirating their 
spirits, that to give themselves this pleasure, seems 
to employ the greater part of their wakeful hours, 
and to constitute the principal enjoyment of their 
lives. They are endued by Divine Providence with 
the power of forming and uttering those delightful 
sounds; and HR has been so liberal in this blessing, 
that the air in every wood and grove is filled with 
their various and artless melody: nor can imagina- 
tion, perhaps, ever conceive any thing more delight- 
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ful, than to have all the songsters of the grove eol- 
lected under the beam of the breaking-out sun, and 
ring forth the sensations of their hearts in a pro- 

fusion of wild and complicated melody. 

The metaphysician considers the idea of sound in 
the mind: the anatomist describes the impression it 
makes upon the car, and the manner in which it is 
eonveyed from thence to the brain: the natural 
 pbilosopher investigates it in the substance where it 

is produced, and in the medium by which it is con- 
veyed to the ear. The savage cannot comprehend 
how we can convey our thoughts to one another by 
writing; the communication thereof by sounds 
would appear as wonderful to us, but that we fall 
into it before we know what wonder is; that is, 
before we have gained any experience to which new 
appearances may seem repugnant. . ; 

Sound arises from a vibratory or tremulous motion, 
produced by a stroke on a sonorous body; which 
motion it communicates to the surrounding medium, 
this carries the impression forward to the ear, and 
there produces its sensation. In other words, sound 
is the sensation arising from the impression made by 
a sonorous body upon air or water, &c, and carried 
along by either fluid to the ear. 

Three things are therefore necessary to the pro- 
duction of sound: 1. A sonorous body to give the 
impression. 2. A medium to convey it as a vehicle. 
3. The ear to receive the impression. 

Strictly speaking, sonorous bodies are those whose 
sounds are distinct, comparable with each other, and 
of some duration, such as those of a bell, a cord of 
a violin; and not such as give only a conſused noise, 
as that made by a stone falling on the pavement: to 
be sonorous, a body must be elastic, one whose parts 
are capable of a vibratory motion when they are 
ſorcibly struck by any kind of plectrum. 
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* Gold, silver, copper, and iron, which are elastic 
metals, are also sonorous; but lead, which is une- 
lastic, gives no sound. Tin, which in itself has very 
little more sound than lead, highly improves the 
tone of copper, when mixed with it: bell-metal is 
formed of ten parts copper and one of tin. Each of 
these is ductile when separate, though tin is only 
so in a small degree, yet form a third substance al- 
most as brittle as glass. So wonderful is the power 
of tin in this respect, that even the vapour of it, 
when in fusion, will give brittleness to gold and 
silver, the most ductile of all metals. 

The classes of sonorous bodies are chiefly three : 
1. Bells of various figures and magnitudes; of these, 
those that are formed of glass have the most pure 
and elegant tone; and as glass is very elastic, the 
sound thereof is powerful. 2. Pipes of wood or 
metal; these, by means of a vibrating plate of metal 
to perform the office of a larynx, may be so con- 
structed as nearly to imitate the human voice. 
3. Strings, formed either of metallic or animal sub- 
stances. The sounds they give are more grave or 
more acute, according to the thickness, length, and 
tension of the strings: when fire- wood, which from 
its fibrous construction is very elastic, is combined 
with strings, or when strings are agitated by horse- 
hair, the effect and powers of one sonorous body 
are assisted by another. | | . 

Air is universally allowed to be the ordinary me- 
dium of sound; the medium by which sounds are 

ated from sonorous bodies, and communicated 
to the ear: this we shall easily prove by an experi- 
ment on the air- pump. I include this bell within 
the receiver, which, while full of common air, sounds 
nearly as well as before. I shall now work the pump, 
and you will perceive that the sound diminishes in 
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proportion to the degree of the exhaustion; so mueꝶ 
so, that when the air is nearly extracted, the sound 
is almost lost. An objection has been made to the 
conclusion we have drawn from this experiment; 
namely, that when the air is exhausted from within, 
the pressure from the incumbent air on the exterior 
surface will prevent the transmission of the sound,; 
in the same manner as a body is prevented from 
sounding, by sustaining a pressure on any part of it. 
But this objection has been well obviated; for, if the 
air in the receiver be condensed instead of being 
exhausted, the sound, so far from being extin- 
guished, will be increased, though there is as great 
an inequality of pressure on the two surfaces in this 
case as in the former. Hawhksbee has shewn, —_ 
series of well eondueted experiments, that sound is 
propagated further by dense than by rarefied air, 
and that air as dense again as common air will con- 
vey sound twice as far; and thence eoncludes that 
sound is inereased not only in a direct ratio of the 
density of the air, but as the square of the density. 
M. Brisson has shewn, that if a sonorous body be- 
placed in an elastic fluid, whose density is greater 
than that of common air, that the sound would be 
much stronger in the fluid than in the air: his ex- 
periment was made with the gas acide carbonique. 
But though air is the general vehiele of sound, 
yet sound will go where no air can convey it; thus 
the scratehing a pin at one end of a long piece of 
timber may be heard by an ear applied near the other 
end, though it could not be heard at the same dis- 
tance through the air; and two stones being struck 
together under water, may be heard at a much 
greater distance by an ear — under water in the 
sume river, than it can be heard through the air; 
Dr. Frantlin thinks he has heard it a mile. These 
effects must be owing to the intervention of some 
cause more moveable and Powerful than air itself. 
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When any elastic body is struck, that body, or 
some part of it, is made to vibrate. This is evident 
to sense in the string of a violin or harpsichord; for 
you may perceive by the eye, or feel by the hand, 
the trembling of the strings, when by striking them 
they are thereby made to sound. | 

If a bell be struck by the clapper on the inside, 
the bell is made to vibrate: the base of the bell is a 
circle; but, by striking any part of this circle on the 
inside, that part flies out; so that the diameter which 
— through this part of the circular base will be 

onger than the other diameter. The base, by the 
stroke, is changed into an oval, whose longer axis 
through the part against which the clapper 
struck: the elasticity of the bell restores the figure 
of the base, and makes the part which was forced 
out of its place return back to its former situation, 
from whence the same principle throws it out again; 
so that the circular figure of the base will again be 
changed into an oval, only now the shorter axis will 
pass through the part that was first struck. | 
The same stroke which makes the bell vibrate, 
occasions the sound; as the vibrations decay, the 
sound grows weaker. Your senses will convince 
you that the parts of the bell are in a vibratory mo- 
tion: if you lay your hand gently thereon, you will 
feel this tremulous motion; -or, if you throw small 
pieces of paper on the bell, the jarring thereof will 
put them in motion. These vibrations cause similar 
undulations in the air; and, as the motions of one 
fluid may often be illustrated by the motions of ano 
ther, the invisible motions of the air have been not 
unaptly compared to the visible waves of water, 
when suddenly produced by throwing a stone therein. 
These waves spread themselves in all directions in 
concentric circles, whose common center is the spot 
where the stone fell; and when they strike against a 
bank or any other obstacle, they return in the con- 
@ 2 
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trary direction to the place from whence they pro- 
ceeded. Sound expands m, like manner in every 
direction, and the extent of its progress is in pro- 
portion to the impulse on the vibrating chord or bell. 
Such is the yielding nature of ftuids, that when other 
waves are generated near the first waves, and others 
again near to these, they will all perform their courses 
amongst each other without interruption; those that 
are coming back will pass by those that are going 
forward, or even through them: thus, if you throw 
a stone into a pond, and immediately after another, 
and then a third, you will perceive that their res- 
tive circles wilt proceed without interruption, and 
strike the shore in regular snccesston. The atmos- 
phere, in the same manner, possesses the faculty of 
conveying sounds in the most rappid succession or 
combination as distinctly as they were produced. It 
possesses the power, not only of receiving and pro- 
pagating simple and compound vibrations in direct 
lines from the voice or instrument, but of retaining 
and repeating sounds with equal fidelity, after re- 
peated reflection and reverberation, as you may be 
easily convinced by the sound of a French- horn 
among hills. 
A Emiliar and experiment sbews the vibra- 
motion that produces sound. Take a common 
poker, and tying on a garter at top, so that both 
ends of the garter may be left at liberty; roll these 
round the first finger of each hand, and stop the 
ears close with these 2 ; strike the poker against 
any hard substance, and you will hear an amazing 
deep m_ scarcely equalled by the largest and 
ell. vx 
Here is a drinking glass nearly filled with water, 
which gives a sweet ringing sound: on my rubbing 
the top of my finger with a.gentle equable motion 
along the rim, the surface of the water is fretted and 
curdled into the finest waves by the undulations o 
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the tir; yet such is the nature of these undulations, 
that the flame of a candle is not visibly 1 
when placed near a sonorous body of the largest 
magnitude. It does not appear that these undula- 
tions produce any progressive flux of the particles of 
air, but that they proceed from a vibratory motion 
of these particles in their proper places; so that the 
motion producing sound is not similar to that of 
wind; yet the motion of the wind can act as a cause 
of sound, which you have, no doubt, observed with 
the Eolian — * n | 

Scarce any thing was done on this subject of any 
importance, till the sagacity of our incomparable 
Newton first Explained the laws, according to which 
the zerial pulses arc propagated. It was he who first 
discovered that the pulses of the air are propagated 
in all directions round the sounding body, and that 
during their progress and regress = are twice ac- 
celerated and twice retarded, according to the law 
of a pendulum vibrating in a cycloid; and these dis- 
coveries are the foundation of almost all our reason- 
ing on sound. 

Before we proceed, it will be necessary to make 
you a little acquainted with some properties of the 

*The construction ef this curious instrument is very simple. 
It consists of a long narrow deal box, with a thin belly, its length 
Suited to the breadth of the window when the sash is up, and eight 
or ten cat-gut strings lightly stretched over two bridges placed near 
the extremities, and all tuned in unison. The action of the wind 
upon this instrument, when placed under the window sash, will 

roduce melodious sounds and harmony, the notes successively rise 
rom silence, swell to exalted tones, and then gradually die away: 

the notes accord in no musical proportion of sound, though all are 
most exquisitely pleasing and ravishing to the ear. Plate 4, 17 23 
represents an improyed farm of this instrument by the Rev. W. Jones ; 
the strings, instead of being on the outside, are fixed to a sounding 
board or belly withinside a wooden case, and admits the wind to 
them through an horizontal aperture. Thus it becomes portable, 
useful any where in the open air, and advantageously not canfined 
to any part of the house. They are sold by Mr. V. Roffe, 
No. 112, Cheapside, London. Evir. 
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IN of which I shall probably treat more at 
arge in one of the subsequent lectures. 
When two pendulums vibrate, which are exactly 
of the same length, their vibrations are perſormed in 
equal times: if they set out together to describe 
equal ares, they will consent together in their mo- 
tions till they are at rest; and if the arcs be small, 
all the vibrations of each, when compared with one 
another, will be isochronous. But, if one of these 
pendulums be twice as long as the other, the vibra- 
tions of the longer will be twiee as slow as those of 
the shorter; in other words, the times of their vi- 
brations will be as the square root of their lengths. 

A pendulum is fixed to one point, a musical string 
is extended between two points, and in its vibrations 
may be compared to a double pendulum vibrating in 
a very small arc; whence strings of different lengths 
may consent in their motions similar to pendu- 
lams: but then it must be noted, that as a musical 
string is two pendulums, not one only, it is not neces- 
sary to quadruple the length, in order to make the 
time of vibration twice as great, it will be sufficient 


. _ only to double it; and whatever height the pendulum 


falls from on one side, so much it will rise on the other; 
so will the elastic musical string continue to vibrate 
from one side to the other for some time, and each of 
its little vibrations, like those of a pendulum, will be 
performed in times exactly equal to each other. 
Thus do we gain, from the analogy between a 
pendulum and a musical string, a more adequate 
conception of a subject that could never be under- 
stood till this analogy was discovered: it explains 
why every musical sound preserves the same pitch 
from the beginning to the end, as long as it can be 
distinguished by the ear; and why the pitch is still 
unvaried, whether the sound be loud or soſt; and 
all this, because the vibrations of the same pendulum 
whether they are longer or shorter when compared 
among themselves, are found to be all described in 
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equal times, till the pendulum. be at rest: the diffe- 
rence of the space which is moved over, compen- 
sating ſor the slowness of the motion in its decay. 
To illustrate still further this subject, stretch a 
eee of cat- gut upon these two pins: I now lay 
Id of it in the middle, and pull it upwards; I let 
it go, and you observe that it first straightens itself, 
or returns to its original position, chen bends itself 
as far the contrary way; the string acquiring suffi- 
cient force, when it was bent one way, to bend itself 
as far the other, and to continue moving backward 
and forward till the resistance of the ain and the 
friction __ the velocity which the, string. ac- 
quires by the ſorce of elasticity. It is obvious, that 
when the string is thus let fly from the finger, what- 
ever be its own motion, such also will be. the motion 
of the particles of air that fly before it; the air will 
be driven forward, and by that means condensed. 
When this condensed air expands itself, it will ex- 
itself not only towards the string, but as the 
elasticity thereof acts in all directions, it will also 
expand itself ſorwards, and condense the air that 
lies beyond it: this last condensed air, by its expan- 
sion, will produce the same effect on the air that 
lies still further forwards; and thus the motion pro- 
duced in the air by the vibration of the elastic body, 
being constantly carried forward, will be conveyed 
to the car. The contiguous parts of the air going 
forwards and backwards by turns, will be subject to 
the like vibrating motion with the parts of the sono- 
rous body; and, as the first parts were condensed in 
their progress and relaxed in their regress, so will 
the other parts, as often as they go ſorwards, be 
condensed, and as often as they go backwards, be 
relaxed: and, therefore, they will not all go back- 
wards and forwards pw vc "ag for then their respec- 
tive distances would be always the same, and conse- 
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quently they could not be alternately rareſied and 
condensed: whereas they meet each other when th 
are condensed, and go from each other when they 
-are rarefied; one part of them must therefore ne- 
cessarily go forwards, whilst the other goes back- 
wards by alternate changes, from first to last. 

As these condensations of the air are what strike 
(pulsant) upon the ear, or upon any obstacle that is 
in their way, they are called. pulses; sound in the 
air through which it is conveyed consists of such 
pulses. It will be necessary to relate to you some- 
what of the nature of these pulses and their proper- 
ties: for the demonstration, as purely mathematical, 
I must refer you to those writers who have treated 
particularly on this subject. | 

But here I must observe, that these pulses are 
sometimes produced without such vibrations of the 
sounding body. In these cases we have to discover 
by what cause these condensations or pulses may be 
produced without any vibrations in what is consi- 
dered as the sounding body. We have two instances 
of this sort; one in wind instruments, such as a 
flute or an organ- pipe; the other in the discharge 
of a gun: in an organ or in a flute, the air which is 
driven through the pipe striks against the edge of 
the lips in its passage, and, by being accumulated 
there, is condensed; and from this condensation the 
pulses are propagated. When a gun is discharged, 
the powder, upon taking fire, expands the air about 
it all at once, and consequently condenses the air 
which encompasses the space where this expansion 
happens; for, whatever air is driven out of that space 
where the expansion is made, will be forcibly driven 
into the space all round it. This condensation is 
the first pulse, and as this expands again by its elas- 
ticity, pulses of the same sort will be produced, and 


propa gated forwards, 


„„. 
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The parts of all sounding bodies vibrate acc: 
to the laws of a cycloidal pendulum; as the vibra- 
tions therefore of the sonorous body follow each 


other at equal intervals of time, the pulses which 


are excited by those several vibrations will also suc- 
ceed each other at the same equal intervals of time. 

Sounding bodies propagate their motions on all 
sides directly forwards, by successive condensations 
and rarefactions, and successive going forwards and 


returning backwards of the particles; so that sound 


is driven in all directions backwards and forwards, 
_ upwards, downwards, and on every side; the pulses 


go on succeeding each other, but one without-side 


the other, like circles in disturbed water; or, rather 
in coneentric shells, shell above shell, as we see in 
the coats of an onion. | 


The pulses are those parts of the air which vibrate 


backwards and forwards; and which, by going for- 
ward, strike against obstacles. The latitude of 2 
pulse is the rectilineal space through which the mo- 
tion of the air is propagated during one vibration of 
the sounding body. | 

All pulses move equally fast : this has been proved 
by G—— and it is found that they describe 
1070 Paris feet, or 1142 London feet, in a second, 
whether the sound be loud or low, grave or acute. 

Sounds may differ from one another both with 
respect of their tone, and in respect of their inten- 
sity or strength: in respect of their tone they are 
distinguished into grave and acute: in of 
their intensity they are distinguished into loud or 


strong, low or weak. The tone of a sound depends 


upon the time that an impression continues, and is 
not altered by the distance of the ear from the 
sounding body. But the intensity or strength of any 
sound K. upon the force with which the par- 
ticles of air, as they are condensed, strike the car; 


7 
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and this force is different at different distances; 80 
2 a 9 which is very loud, when we are near 
. that produces it, will be weaker if we are 
— rom its and the distance may be so great 
that we cannot hear it at all. Mathematicians 
shew, that the intensity of sound at different dis- 
tances from the sounding body, is inverecly as the 
square of the distances. 

Sound moves with the same velocity at all dis- 
tances from the sounding body. The sound of a 
cannon, or a bell, moves at the rate of 1142 feet in 
a second at all distances from the gun or bell. If 
it moves at this rate for the first mile, it will move 
at che same for the second mile: so that a 
who is within one mile of a cannon when it is dis- 
charged, will hear the report just as soon again as 
another, who is at the distance of two miles. The 
velocity of sound does not decrease as it is propa- 

ted ſorwards, but continues the same from the 

rst to the last: but, though the velocity of sound 
is not altered, while each pulse is produced in an 
equal time; so that though the velocity with which 
the particles vibrate decreases as the sound spreads, 

and consequently decays till it ceases entirely; yet the 
velocity with which the sound itself is propagated 
continues the same to the last; or the velocity with 
which it is moving at the time that it stops, is the 
same velocity with which it began to move. 

Sounds of different tones move with the same ve- 
locity. This is very evident; for a peal of bells are 
Heard in the same order in which they are rung, 
whether we are near or at a distance. 

Sounds of different intensities are propagated with 
the same velocity. A low sound cannot be heard 
indeed so far as the loud one may: yet sounds, 
either low or loud, will be conveyed in an equal time 
to any equal distance at which either of them can be 
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heard. The report of a cannon does not move faster, 

or pass over a given space sooner than the sound of 
an elastic string. bk 

The principal cause of the decay of sound is the 
want of perfect elasticity in the air: whence it arises, 
that every subsequent particle has not the entire 
motion of the preceding particle communicated to 
it, as in the case of equal and perfectly elastic bo- 
dies; consequently, the farther the motion is 
pagated, the more will the velocity with which the 
particles move be diminished; the condensation of 
air will be diminished also, and the farther the pulse 
is propagated the more is the density; and, conse- 
quently, the impulge on the drum of the ear di- 
minished.* ä 

And that the defect of perfect elasticity in the 
air is a principal cause of the decay of sound, ap- 
pears from this; that sounds are perceived more 
distinctly when north, north- east, and easterly winds 
prevail, at which time the air is dry, and consequently 
more elastic; for vapours diffused through the at- 
mosphere, unless dilated by intense heat, diminish 
the spring of the air. | 

Sound requires a sensible time for its propagation, 
or passage from one place to another: on discharg- 
ing a gun, the report is not heard till some time 
after the flash has been seen; for light moves much 
8wifter than sound, coming from the sun in eight 
minutes, or 72,420 leagues in a second; so that the 
velocity of light may be considered as instantaneous: 
and as sound takes up a considerable time in its pas- 
sage, the interval between the flash and the report 
of the gun shews us the space that is passed over in 
a given time. | 


* Other causes of the decay of sound have been assigned, but 


they have been proved to be inadequate to the purpose by Mr. 
Young, of Dublin, in his Inquiry into the Phenomena of Sound. 
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From a set of curious experiments made at dif-. 
ſerent times by different le, we obtain the fol- 
lowing results: 1. That the mean velocity of sound 
is about one mile in nine half- seconds and a quarter, 
or 1142 feet in one second of time: 2. That all 
sounds, whether they be weak or strong, great guns 
or small, &c. have the same velocity: 3. That it 
moves through equal spaces in equal time, being 
the same at the end as at the beginning: 4. That it 
is the same by night or by day, hot or cold wea- 
ther, winter or summer: 5. That it is also the same 
whether the cannon be directed to or from the place: 
6. That there is a small difference in the velocity of 
sounds, with or against the wind: 7. It is also some- 
vrhat augmented or diminished by a difference in the 
strength or weakness of the win 
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The augmentation of sound by this instrument, 
depends on its reflexion from the tremulous sides of 
the tube, which reflexions, by conspiring to propa- 
gate the pulses in the same direction, increase its 
intensity. Farther, when we speak in the open air, 
the effect on the tympanum of a distant auditor is 
produced merely by a single pulse: but when we 
use a tube, all the pulses propagated from the 
mouth, except those in the direction of the axis, 
strike against the sides of the tube, and every point 
of impulse becoming a new center, from whence 
the pulses are propagated in all directions, a pulse 
will arrive at the ear from each of these points. 
Thus, by the use of a tube, a greater number of 
pulses are propagated to the ear, and consequently 
the sound increased. The confinement of the voice 
may also have some effect, though not such as is 
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generally ascribed to it;* for the condensed 
produced by the naked voice, expand freely every 
way; but in tubes, the lateral expansion being di- 
minished, the direct expansion will be increased, 
and consequently the 2 — of the particles and 
the intensity of the sound. The substance of the 
tube has also its effect; for the more susceptible it is 
of tremulous motions, the stronger is the effect. 
If the tube be laid on any non: elastic substance, 
it deadens the sound, because it prevents the vibra- 
tory motion of the parts. The sound is increased if 
the speaking trumpet be suspended in the air, be- 
cause the agitations are then carried on without 
interruption. These tubes should increase in dia- 
meter from the mouth- piece, because the parts 
vibrating in directions perpendicular to the sur- 
face will conspire in impelling forward the parti- 
cles of air; and, consequently, by increasing their 
velocity will increase the intensity of the sound; 
and the surface also increasing the number of points 
of impulse, and of new propagations, will increase 
proportionally. | 
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This subject cannot be fully understood with- 
out reference to mathematical reasonings, which 
we have endeavoured to avoid as much as possible: 
we can only, therefore, make a few observations 
in this place, referring the reader to Mr. Young's 
excellent work for a clear and full explanation. 
He shews, that the usual position of most writers, 
that sound observes the law of all other reflexions; 
that is to say, that the angle of reflexion is equal 
to the angle of incidence, is erroneous; for in sound 


* For the errors in accounting for the effects of the tube, see 


Mr, Young's Inquiry into the Phenomena of Sound, 
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every point of impulse becomes a center, from 
which a new series of pulses are propagated in 
every angle whatsgever. The principles on which 
echoes: are founded are therefore these: 1. Every 
point against which the pulses strike becomes a 
center of a new series of -pulses: 2. That sound 
describes equal spaces in equal times; therefore, 
when any sound is propagated from a center, and 
its pulses strike against a variety of obstacles, if 
the sum of the right lines drawn from that point 
to each of the obstacles, and from each obstacle to 
a second point, be equal, then will the latter be a 
point in which an echo can be heard. Thus, let 
A, plate 4, fig. 14, be the point from which the 
sound is propagated in all directions, and let the 
pulses strike against the obstacles C, D, E, F, G, H, I, 
cach of these points becomes a new center of 
pulses by the first principle; and therefore. from 
each of them one series of pulses will pass through 
the point B. Now, if the sums of the right lines 
AC+CB, AD+DB, AE+EB, AG+GB, AH+HB, 
AI+IB, be all equal to each other, it is obvious 
that the pulscs propagated from A to these points, 
and again from these points to B, will all arrive 
at B at the same instant, according to the second 
principle; and, therefore, if the hearer be in that 
point, his ear will at the same instant be struck by 
all these pulses. Now it appears from experiment, 
the ear of an exercised musician can only distinguish 
such sounds as follow one another at the rate of 
nine or ten in a second, or any slower rate: and 
therefore for a distinct perception of the direct and 
reflected sound, there should intervene the interval 


of one-ninth of a second; but in this time sound 


describes ===, or 127 feet nearly; and, therefore, 
unless the sum of the lines drawn from each of the 
obstacles to the points A and B, exceeds the in- 


terval AB by 127 feet, no echo will be heard at B. 


8 
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Since the several sums of the lines drawn from the 
obstacles to the points A and B, are of the same 
magnitude, it appears, that the curve * 
through all the points C, D, E, F, G, H, I, &c. wi 
be an ellipse: hence, all the points of the obstacles 
which produce an echo must lie in the surface of 
the oblong spheroid, generated by the revolution of 
this ellipse round its major axis. As there may be 
several such spheroids of different magnitudes, it 
ſollows, that there may be several different echoes 
of the same original sound: and as there may hap- 
pen to be a greater number of reflecting points in 
the surface of an exterior spheroid than in that of 
an interior, a second or a third echo may be much 
more powerful than the first; provided that the su- 
perior number of reflecting points, that is the su- 
perior number of reflected pulses propagated to the 
ear, be more than sufficient to compensate for the 
decay of sound, which arises from its being pro- 
pagated through a greater space. This is finely 
illustrated in the celebrated echoes at the lake of 
Killarney, in Kerry, where the first return of the 
sound is much inferior in strength to those that im- 
mediately succeed it. 

It is not absolutely necessary that the reflecting 
points C, D, E, F, &c. producing an echo, should lie 
accurately in the periphery of an ellipse; for if 
the sums of the right lines AC+CB, AD+DB, 
&c. do not differ from each other by more than 127 
feet, the pulses propagated from these points wilt 
not be distinguishable. However, the nearer these 
sums approach to ity, the more accurate will 
be the coincidence of the pulses, and consequently 
the echo will be more distinct. 

From what has been laid down it appears, that 
for the most powerful echo, the sounding body 
should be in one focus of the ellipse, which is the 
section of the echoing spheroid, and the hearer in 
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the other: howeyer, an echo may be heard in other 
situations, though not so favourably; as such a 
number of reflected pulses may arrive at the same 


time at the ear, as may be sufficient to excite a dis- 


tinct perception. Thus, a person often hears the 
echo of his own voice; but for this pu he 
should stand at least sixty- three or sixty-four feet 
from the reflecting obstacle, according to what has 
been said before. At the common rate of speaking, 
we pronounce not above three syllables and an half, 
that is, seven half syllables, in a second: therefore, 
that the echo may return just as soon as three syl- 
lables are expressed, twice the distance of the 
speaker from the reflecting object must be equal 
to 1000 feet; for as the sound describes 1142 feet in 
a second, six-sevenths of that space, that is, 1000 
feet nearly, will be described while six half, or 
three whole syllables are pronounced; that is, the 
speaker must stand near 500 feet from the obstacle : 
and, in general, the distance of the speaker from the 
echoing surface, for any number of syllables, must 
be equal to the seventh part of the product of 1142 
fect multiplied by that number. | 

In churches we never hear a distinct echo of the 
voice, but a confused sound when the speaker utters 
his words too rapidly; because the greatest differ- 


ence of distance between the direct and reflected 


courses of such a number of pulses as would pro- 


duce a distinct sound, is never in any church equal 


to 127 feet, the limit of echoes. 
But though the first reflected pulses may produce 


no echo, both on account of their being too few in 


number, and too rapid in their return to the ear; 
yet it is evident, that the reflecting surface may be 
so formed, as that the pulses which come to the ear 
after two reflexions or more, may, after having de- 
scribed 127 feet, or more, arrive at the ear in suffi- 
cient numbers; and, also, 80 nearly at the game in- 
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stunt as to produce an echo, though the distance 
of the reflecting surface from the ear be less than 
the limits of the echo. This is confirmed by a sin- 
gular echo in a grotto on the banks of the little 
brook called the Dinan, about two miles from Castle- 
comer, in the county of Kilkenny. As you enter 
the cave, and continue speaking loud, no return of 
the voice is perceived; but, on your arriving at a 
certain point, which is not above fourteen or fifteen 
feet from the reflecting surface, a very distinct 
echo is heard. Now this echo cannot arise from 
the first course of pulses that are reflected to the 
ear, because the breadth of the cave is so small 
that they would return too quickly to produce a 
distinct sensation from that of the original sound; 
it is therefore produced by those pulses which, - after 
having been reflected several times from one side 
of the grotto to the other, and having run over a 
greater space than 127 feet, arrive at the ear in 
considerable numbers, and not more distant from 
each other in point of time than the ninth part of a 
second. 6 

The following observations on the phenomena of 
sound, and the vibration of strings, which were com- 
municated to me by a very ingenious philosopher, 


* 


will be found to merit your attention. 

The phenomena of sound and the vibration of 
strings have received much illustration from the 
skilful experiments, and accurate calculations of 
many judicious mathematicians; but the mode in 
which vibration is effected and continued in so- 
norous bodies, and propagated through elastic me- 
diums, does not appear to have been properly at- 
nd | 1 G45 * | 
Jo shew that sound is not propagated by undu- 
tations or waves, such as we see produced in water 
by throwing a stone therein, I shall first point out 
the insufficiency of the hypothesis, and afterwards 

VOL. 1. = | We: | 
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indicate the mode in which I imagine sounds are 
propagated through the medium, and the sort of 
movement strings receive when in vibration. 
E Tt is known, from experiments, that sound pro- 
ceeds from a center spherically with equal velocities, 
whether the cause or vibration of the sonorous body 
be grave or acute, strong or weak. It is obvious 
khat water, which may be considered as an incom- 
pressible fluid, cannot be undulated from a center 
spherically; as in this case the entire mass must be 
moved, from the nature of incompressibility; and yet 
water will not transmit sound. If it be granted, 
that an incompressible fluid cannot undulate from 
a center spherically, but that an elastic fluid may; 
we reply, that the phenomena prove that sound is not 
propagated by 3 undulations, though the medium 
ma 2 be susceptible of them. 
A, plate 4, fig. 5, represent a sonorous body 
producing the equal and suecessive undulations, 
c, d, &c. from a center spherically, it is evident 
they would continue ad infinitum, equal causes pro- 
4 Sn equal effects; as the wave n is equal to the 
wave ;. and the ed is the same; consequently, 
sound should never decrease, as an equal wave of 
the same medium would strike the ear at d or m, 
and produce equal sound, which is contrary to fact. 
Let A be supposed to produce undulations decreas- 
ing in the inverse ratio of the square of the dis- 
tance, the velocity of sound would decrease in that 
8 but this is also contrary to fact, for sound 
is always uniform. 
It is plain, therefore, that the phenomena in 
either ease do not correspond with the hypothesis, 
which consequently cannot be true. 
Wet us now say by what means sound is propa- 
gated or transmitted through the mediums W 
| ſur its transmission. 
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* Sound eds progressively through the air 
with an equal velocity, decreasing in ſorce, if the 
medium be of equal density, in the inverse ratio of 
the square of the distance from the sonorous body. 
Now it is demonstrated, that undulations or waves 
in the air would not produce the phenomena, as 
they would necessarily produce equal force with 
equal velocity, or unequal velocity with unequal 
force: and as motion or force can only be trans- 
mitted from one body to another, by direct motion, 
or change of place, or by a rotatory motion, without 
change of place; and as direct motion is insufficient | 
to explain the case, it remains to try whether the ro- * 
tatory motion of the particles agrees better with the 
known phenomena. 55 
„ Before we proceed further, it will be n 
to say a few words on the movement of vibration in 
the string, or sonorous body. Let AB, plate 4, , 

Fg. 6, represent a musical string; place a piece of 

paper on the string, fg. 7, and make it vibrate: the 

paper will tyrn round in the direction in which 

the string is struck till the vibration ceases. Now 

it is plain, if the string oscilated, the paper would 

not turn round, but simply move from side to side 

with the string; and if the string moved from the 
center, as when you take a cord in your hand, the 
one end fast, and turn it round, it would be twisted, 
and naturally turn back again to get rid of the 
twist; and consequently would turn the cord back 
again, &, 

** But the cord only moves one way; the string, 
therefore, only moves one way, and that way is in 
a spiral direction, plate 4, fig. 8, no other being 
proper to produce the effect. The force returning 
by means of a subtile medium, and the vibration de- 
creasing in proportion to the density of the medium | 
it vibrates in, as it naturally communicates mor 9 

| R2 | | 
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or less force, according to the number of particles 
it touches in a given time, as the string obviously 
turns in a spiral, and does not return; it is plain, 
the fore can only be kept up by a subtile medium: 
now, the string in turning, plate 4, fig. g, when at 
a, strikes a particle of air, o; and as it makes the 
circle a, b, before it strikes it again, that time is the 
measure of the vibration; each particle of air struck 
is necessarily turned round its axis with a velocit 
proportioned to the stroke: a turns b, b turns b, b, c, 
&. but as the number of particles increase in the 
ratio of the square of the distance, and as the force 
is equally divided between the particles, their rota- 
tory velocity decreases in that ratio, and conse- 
quently their impulsion, or power to produce sound; 
but their progressive velocity from A to d, plate 4, 
fg. 10, is undiminished: for, although b has four 
times the velocity of c, and nine times that of d, 
yet b, o, and d, employ equal time to communicate 
their unequal forces to the contiguous particles. 
Indeed, if we examine the nature of communicatin 
force or motion from one body to another, you will 
probably find, that solid bodies always vibrate, and 
that fluids always have a rotatory motion: for let 
us suppose an incompressible fluid with its particles 
in contact, it is evident that a fluid could only com- 
municate force or motion from one body to another 
by the entire motion of the intervening fluid, or by 
the rotation of its particles: but as-we have-no idea 
that motion can be communicated but by motion, it 
seems difficult to conceive, how a, Fg. 104, can trans- 
mit force to b and e, without being itself first moved; 
and, in this hypothesis, a can only have a rotatory mo- 
tion with the entire a c; but as it is not demonstrable 
that an incompressible fluid exists, we can only prove 
that an elastic fluid, where the particles may be sup- 
poxed separate, with or without the intervention of a 
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ubtile mmediom transmits force by the rotatory mo- 
tion of its particles, from the insufficiency of any 
other hypothesis. | 
_ » © Several vague and incorrect expressions have 
crept into the doctrine of sound; as, that sound is 
propagated by vibrations in the air: now the air does 
not vibrate; for vibration means a course and re- 
course in a given time, and belongs only to the so- 
norous body; but the air propagates sound progres- 
sively with an equable velocity, without any return: 


thus, 88000000 à, fig. 10%, moves b, b moves e, &c. but 


e never moves b, nor b, a; and a remains at rest till the 
sonorous body returns to it, and gives it a fresh rota- 
tion; for if it were a movement of impulsion only, it 
would cause undulation; and as the waves would 
necessarily decrease, the velocity would decrease; 
and if the waves did not decrease, the sound would 
not decrease, as a similar wave of the same air 
would not give the same shock, and produce the 
same sound; but the velocity of sound does not de- 
crease, and the force of sound does decreabe: sound, 

therefore, cannot be propagated by impulsion only; 
and, as we cannot imagine force to be communi- 
cated except by impusion or rotation, rotation of 
the particles must be the mode by: which air conveys 
sound. 

„That a string makes its vibrations by a spiral 
motion, will appear more evident when we consider, 
that the force has at once a progressive and rotatory 
motion: thus, let AB, plate 4, fig. 6, reprevent the 
string of an harpsichord; strike at B, the force passes 
from B to A, and, as it moves along, turns the string 
at the same time. No other than a spiral motion 
can produce at once progression and rotation; and 
as the force continues some time in the string with- 
out returning from A to B along the string, it seems 
necessary to call in the aid of a subtile fluid to trans- 
mit the force from A to B.“ 
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c There are few who have not felt the chatmi of 
music, and acknowledged its expression to be intel- 
ligible to the heart. It is a language of delightful 
sensation, that is far more eloquent than words: it 
breathes to the ear the clearest intimations; but 
how it was learned, to what origin we owe it, or 
what is the meaning of some of its most affecting 
strains we know not. | 3 

We feel plainly that music touches and gently 
agitates the agreeable and sublime affections; that 
it wraps us in melancholy, and elevates in joy; that 
it dissolves and inflames; that it melts us in tender- 
ness, and rouses to anger; but its strokes are s0 
fine and delicate, that while it wounds it pleases. 
As the passions of individuals are more or less easily 
affected, so will their taste of harmony proportion- 
ably vary. Music is a language directed to the pas- 
sions; but the rudest passions put on a new nature, 
and become pleasing in harmony. It awakens jw 
sions that we do not perceive in ordinary life. The 
most elevated sensations of music arise from a con- 
fused perception of ideal or visionary beauty and rap: 
ture; which is sufficiently perceivable to fire the 
imagination, but not clear enough to become an 
object of knowledge. The noblest charm of music, 
though real affecting, seems too confused and fuga- 
cious to be collected into a distinct idea. Harmon 
is always understood by the crowd, and almost al. 
ways mistaken by musicians; who are, in general, 
servile - followers of the taste of the mode; and 
Who, having spent much time and pains in the prac» - 

tical 5 gg a stress on the dexterity - of hands, 
which yet have no real value, but as they serve to 
produce those collections of sound that move the 
passions,” | 
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| True music is the tuning and modulation of the 
sounds and expressions o of cnn 80 as to excite 
answerable sensations and sentiments within us. 
Harmony and mind are co-natural; whatever beings! 
partake of either, partake of both: hence it is, that 
musical sounds uttered by human voices, or issued 
| from any musical instrument of man's oontrivance, 
ny from what is of divine origin; and the 

of them is felt only by what is of the same 
prin 25 others; . harmony and mind. 
Sound is nothing more chan the subject matter 
of music: it is harmony which gives forms to this 
matter, and makes sounds to be musical; but pro- 
portion, harmony, regularity, and order, are affec- 
tions of che percipient principle within us; from it 
they receive all their beauty; to it they owe all their 
reality. 

The theory of musical sounds is too intricate and 
subtile to make a part of my plan of instruetions; 1 
shall, therefore, content myself with laying before 
you a few observations, merely to awaken your at- 
tention to this curious subject. 

All motion is in time and measure; and as mu- 
sical sounds proceed from motion, they must be the 
objects of mensuration. If they are measurable by 
numbers, there will be between those numbers a va- 
riety of relations; so that some, when compared 
with others, shall be rational, and others irrational; 
and these will denote the agreements or disagree- 
ments of sounds among themselves, which are eulled 
consonances and dissonances. 
Two strings of equal length, tension, wad thick- 
ness, by 1 their vibrations together, will 
sound the same note, or be in unison. Two pipes of 
the same length and diameter will agree in the same 
manner. In the ease of the string, the air is struck 
by the body, and the sound is excited. In the ease 
of the * „ by the" e bats 
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action and re- action are equal, the effect is the 
same in either case. If the pipe were carried for- 
ward against the air, as swiftly as the air is driven 
against the pipe, it would utter a sound, as when the 
air moves and the pipe is at rest. 

Large instruments and long strings duos 
grave or deep tones; small intruments and short 


strings produce acute or high tones; in or 


pipes, for instance, in proportion to their length 
and dimensions: this is f £61 true in musical strin 72 
If I take a musical string of any length, and 

vide it into two equal parts by a bridge in the mid- 
dle, each half sounds an octave, that is eight notes 
higher than the tone of the whole string: their vi- 


brations relative to the whole string are as 2 to 1; 
therefore, they perform the same number of vibra- 


tions in half the time; consequently, the octave, co- 


incides with the fundamental note at my second 


vibration. | 

Hence you will oboerve, chat it is the shortest 
string of a harpsichord which makes the high notes; 
and that they gradually increase in length as you 
increase to the deepest note of the instrument, 
though there be black and white keys on the harp- 
sichord, and each strikes a different note, which 
are called by the first seven letters of the alphabet. 


If you begin with A, and strike seven notes in suc- 


cession upwards or downwards, you will either way 
come again to A; they are not, indeed, the same 
notes as that with which you began, but they are 
octaves to it, vibrating the one in half, the other in 
double the time. These seven notes are those of a 
peal of bells: when there are eight, the smallest 
bell is an octave to the largest. To render their 
instruments more comprehensive, musicians have 
introduced intermediate notes called semi:- tones; 
each half a tone higher than the note below it, 
and, consequently, half a note lower than the note 
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bone. These are the short when, keys on the 
harpsichord. | = | © 


OF SYMPATHETIC SOUNDS. 4: 


A sympathy i is observed when musical strings « are 
compared together; and when the same string is 
compared with itself, the parts sympathize with 
the whole. When one string is struck, another 
that is near it, and in concord with it, will answer 
it 80 that the sound may be distinguished by the 
ear, though somewhat obscurely. When it cannot 
be heard, its sympathetic vibrations may be disco- 
vered by laying some light body on it, which will ap- 
pear to be agitated, so as even to fall away from 
the string: but if the same string makes a discord 
with its fellow, no motion will arise in it. This 
effect must be supposed to depend upon the 
undulation of the air; which being according to, 
or in a certain measure, excite corresponding vibra- 
tions in strings that accord with them, but produce 
no effect in those that contradict them: as the vi- 
bration of a string produces sound in the air, 80 
sound already excited, if of a proper measure, will 
produce vibrations in a string. 
I ̃ bere is something still more subtile than the co- 
incidence between two different strings in concord. 
Every single string carries its own harmony with 
it. When a single string is sounded, there are cer- 
tain secondary and subordinate vibrations attending 
upon the primary; insomuch, that it is question- 
able whether there is any such ching as A solitary 
sound in nature. 
| What, share soever man may seem to have in 
modifying, all that is found. in this world to de- 
light the senses, is primarily the work of God. 
Wine is prepared by human labour, but it is given 
us in the grape by he. Creator. The prismatic 
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glass is the work of art; but the glorious colours 
it exhibits to the eye are from HIM, who said, Let 
there be light, Man is the contriver of musical 
instruments, but the principles exciting harmony 
are in the elements of nature. The element of air 
Was as certainly ordained to give us harmonjious 
sounds in due measure, as to give respiration to the 
lungs: it is so constituted as to make thousands of 
pulses at an invariable rate, by means of which the 
proportions and coincidences of musical sounds are 
e | | 
Music may be considered farther as the work 
of God in the nature of man, who has enabled him 
to sing as well as to speak. The gift of speech 
wie cannot derive but from the Creator, and the 
gift of singing is from the same author. The fa- 
cCulty by which the voice forms musical sounds is 
as wonderful as the flexures of the organs of speech 
in the articulation of words. The — pipe is 
of a small diameter, and very short, when com- 
red with the pipes of an organ; yet it will dis- 
inctly give the same note with the pipe of an 
organ eight feet in length. The moveable oper- 
culum on the pipe of the human throat, which is 
imitated by the reed of the organ, has but a very 
small range: yet, with the contraction and ex- 
pansion of the throat, it will utter a scale of se- 
venteen degrees, and divide every whole tone into 
an hundred parts, which is such a refinement 
on mechanism as exceeds all description. Con- 
trary to the opinion of ancient philosophy, it 
has been demonstrated by the late curious ex- 
riments of a very ingenious inquirer into the 
me of man, in a neighbouring nation, to be 
partly flutal, and partly chordal: wherein the 
vibrating air, in its various degrees of expiration, 
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or propulsion from the lungs, serves as a bow, of 
as quills to strike upon the chords. The corres- 
pondent vibrations of the little chords have, by his 
dissections, been made apparent to the eye, conti- 
nuing as long as the sound continues; the sound 
dying away as the vibrations cease. The cartilages 
and muscles, which serve variously to extend or to 
remit these chords, and thereby attenuate them or 
increase their diameters, so as to render the voice 
either shriller or deeper, are a contrivance which 
almost surpasses wonder; especially when we con- 
sider the amazing subtilety and nice, adjustment of 
the machine in its operation; that the whole diffe- 
rence of extension or contraction, within which the 
entire extent of the human voice is placed, — 
an almost infinite variety of notes, lies within thi 
compass of two or three lines, or within the minute 
compass of a sixth or a fourth part of an inch. Thus 
you see that the works of God surpass the imitation, 
or even comprehension of human art; wonderful 
made for the communication of social pleasure an 
moral improvement. | ODD 
The same may be observed by the ear: if this 
were either more or less sensible, we should never 
have had any idea of melody or harmony; for a 
string and its aliquot divisions are as 1, 4, 4, th, &c. 
and the number of vibrations in a given time are as 
the numbers 1, 2, 3, 4; consequently, this series of 
sounds must contain all the possible varieties of in- 
tervals. If, therefore, every aliquot division pro- 
duced a sensible effect by its vibration, we should 
hear in every musical string an infinite variety of 
chords, dissonant and consonant, in sharp and flat 
keys at the same time. Thus would all the charms 
of melody be destroyed, and, where many musical 
strings were sounding together, this confusion f 
consonance and dissonatice would be still farther 
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increased; and we should, therefore have been de- 
prived of the perception of harmony. | 

You have here then another instance of the ad- 
mirable skill with which the different parts in nature 
have been adapted to each other by their all- perfect 
Creator. In other cases you have found him con- 
| Sulting the welfare of his creatures; in the present 
instance, you must infer that he has not been less 
attentive to our innocent gratifications; for had the 
human ear been endued with a less degree of sensi- 
bility than it is at present possessed of, it is evident 
that we should have lost much of the delightful ef- 
fects of harmony; had it been endued with greater, 
we should have had no perception either of melody 
or harmony; so that the human ear has the proper 
construction that contributes most to the Plerzure 
of hearing. 

I have now finished one of the first subjects chat I 
meant to explain, and have laid before you an ac- 
count of the principal properties of our circumam- 
bient atmosphere. Many things yet remain to be 
explained; one or two of thees 1 chall slightly men- 
tion, others cannot be discussed till I treat on fire 

and elastic fluids. 0 
The atmosphere that surrounds our earth, con- 
tains a mixture of all the active and volatile, parts of 
the habitable world; that is, of all vegetables, mine- 
rals, and animals: whatever perspires, corrupts, or 
exhales, impregnates the air. By its perpetual os- 
cillation air continually operates on all things that 
have life, whether animal or vegetable, keeping their 
fibres and vessels in continual action, according as 
its pressurè and elasticity are varied by heat or cold, 
moisture or dryness. By its pressure, the parts f 
our bodies are kept compactly together, and the 
fluids prevented from bursting their vessels: in the 
same manner with vegetables, without this pressure 
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the internal air would escape, and deprive the juices 
of the agent that helps to drive them forward. So 
far from being injurious to us, this pressure is our 
greatest comforter and assistant: when the air is 
heaviest, our spirits are found to be the lightest; 
when the mercury is at its greatest height, we are 
invigorated and enlivened, and are more alert than 
yrhen the mercury is low and the atmosphere light. 

It is the particles of air and other corpuscles float- 
ing in the atmosphere, which form that- noble and 
lovely blue canopy so magnifficently arched over our 
heads; it is these which reflect those innumerable 
rays of light, which occasion the soft approaches to 
day and night, the morning dawn and evening twi- 
light; it is these particles that form the enfeebled 
appearance which gives you the idea of visible dis- 
tance; the objects that are near glowing in lively 
colours, while those at a distance are circumfused 
with a blue mist, too faint to be called a cloud; but, 
receeding still further from you, they wholly disap- 
mw and sink in the circumfluent ocedm of air: it is 

ere that the clouds, pendent lakes of water, are 
sustained and float. The yielding atoms glide from 
you in the passive air while it is still; yet, if the 
storm blow, and the air in full tide rush one way, it 
bears down houses and large forests; it sweeps the 
vast seas into mountains. However insensible the 
opposition of every single particle may be, and how- 
ever irresistible the motion and force of a cannon- ball 
that lays in dust the firmest castles and fortresses, 
yet is its force in a few moments overcome and 
deadened by the numberless and successive opposi- 
tion of the particles of the yielding air. 3 

In the course of your philosophical pursuits, many 
arguments will occur, both from nature and experi- 
ment, which seem to prove that the element which 
surrounds us is not merely a mixture of air and fire, 


but one thing in kind, consisting of parts differing 
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in degrees of subtilety, from the grossest to the most 
\revine air; with a gradation $0 insensible, that we 
shall never be able to say where air ends and fire 
begins; as the light of the rainbow grows so dilute 
by degrees, that no line can be drawn between its 
edge and the uncoloured sky. Yet, from the grossest 
air to the most intense fire, the progression is 80 
remote, that philosophers have conneeted air and 
fire by the mediation of what they call a subtile 
matter, partaking of the nature of both, | 
Experiment and reason seem further to prove that 
liglft is the mediating substance between fire and air; 
; its two extremes are red and blue; one the colour of 
the fire, the other, of the air. The red rays are 
either fire, or would be so under certain circum- 
Stances; while the shades of blue vanish into air, or 
would be so if we could pursue them far enough; 
but when they cease to be coloured, they cease to 
be visible.“ | 
That air and firc are different conditions of the 
same clemertary matter of the heavens, is so far 
from being a new opinion, that it is a doctrine of 
great antiquity. * If air resolves itself into fire, and 
fire by its turn reverts to air, it seems nothing more 
that what is commonly observed in water, which 
assumes the solidity of ice, and coalesces into the 
fleecy form of snow, or becomes rare and impalpable 
m vapour: under all these conditions, it is nothing 
but the one simple substance of water, to which it 
returns sooner or later. When you affirm that a 
snow-ball and the water in a cauldron are of the 
same substance, who -can deny it? A child who 
should feel both, would not readily understand how 
this could be; and yet are we not. all children in 
philosophy ? Various similar instances may be pointed 
out, all tending to illustrate these notions, 
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Baut, if the constitution of the air be agreeable to 

this analogy, we must consider the matter of the 
heavens as one vast fluid, whose parts differ in mag- 
nitude; so that some will be stopped by the sur- 
faces of bodies, while others more subtile pass freely 
through: their pores: thus some will be acting 
within, others without bodies; some will heat, others 
will cool them; some will compress, others will di- 
vide; and thus carry on the two great and universal 
effects of consolidation and dissolution, generation 
and corruption.“ 

Already I have observed to you how much these 
studies tend to cherish and invigorate a taste for true 
beauty and loveliness, a desire to dwell on truth, 
equity, and goodness: by contemplating these ob- 
jects, you will be inspired with an admiration and 
love of them; admiration and love beget imitation 
first, and then similitude. I have also observed to 
you that every effect in the creation of the world, 
or the government of it, shews the consummate 
wisdom of its Creator and Governor. This wisdom, 
indeed, is seldom seen but by those who philoso- 
phize, and are curious to search and pry into the 
wondrous frame of every piece of divine workman- 
ship; and into the secret springs, and every compli- 
cated movement of the divine administration. 

The wisdom shewn in any work, operation, or 
energy, whatever it may be, is divisible into two 
kinds; one respecting the end or design, the other 
respecting the means by which the end or design is 
accomplished. Every end is wise, in which some 
considerable good is intended to be produced; and 
that is the wisest end in which the most and greatest 
good is intended: all means are wise, which have a 
tendency to produce their end; and those are the 
wisest means which are the shortest and simplest, 
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and at the same time the most efficacious and cer- 

Now, in that stupendous work, the fabric of the 
great world, or the external universe of things, you 
will find every requisite to prove, that wisdom the 
most perfect was the Creator of it: for, if the world 
in which we live, this terraqueous globe, with its 
surrounding atmosphere, and as much as we can see 
above it, be taken for a specimen of the whole, it 
will appear to you, on an agenrate survey, that the 
end intended to be produced by the creation, was 
the most good possible; good to every being 80 
formed as to be capable of enjoyment: and to the 
noblest of these created beings as much and as great 
good as it is possible for creatures to enjoy: the 
proof of this has already commenced, and will be 
continued through the course of this work. It is 
beyond human power to conceive a better contri- 
vance for good than the air that surrounds our earth: 
it is this that makes way for the transmission of 
light, without which, the faculty of seeing in all 
animals would have been useless. It is this that 
provides for the ease and freedom of motion upon 
earth, without which, life itself had been bestowed 
to little purpose. It is this which communicates 
sound, without which, we could not have conveyed 
our thoughts to one another by the help of speech; 
not to speak of the pleasure which results from the 
harmony of different sounds. It is this that gives 
rise to the wind, which mixes and tempers the exha- 
lations interspersed in the atmosphere, corrects the 
heat in the hotter climates, and carries the clouds 
from place to place, to distil the needful rain; which, 
descending in prolific showers and dews, makes the 
smiling earth teem with plenty and beauty. 

It is this that is the breath of life in al sublunary 
creatures: it is owing to this that so many classes of 
creatures are able to wing their way through the 
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Aerial regions. The more reflect upon every 
— the more you wil be convinced, that 
our benevolent Lord and God could not have better 
adapted this part of inanimate nature for the diffu- 
sion of good. . | 

Air is a general agent, not only exerting its own, 
but calling forth the qualities or powers of all bodies: 
nothing ferments, vegetates, or putrefies, without. 
air, which operates with all the virtues of the bodies 
included in it; that is, o, all nature; there being no 
drug, salutary or poisonous, whose virtues are not 
breathed into the air. 

I should here like to give you the opinions of the 
ancients on the subject of air: the discussion would 
be interesting and instructive; but, as it would lead 
us too far, I must confine myself to those of Hippo- 
crates, a man almost deified for his knowledge by 
those of his own time. He had-enriched his mind 
from the experience of earlier times,. and a diligent 
study of nature. The element of air has,” ** 
he, © dominion over the human body, and 1s the 
principal source of all things that happen to it, whe- 
ther good or bad. Its power and influence deserve 
well to be examined; for wind is no other than a 
current of air rolling along in impetuous waves, 
which are so violent as to tear up trees by the roots, 
raise the waters of the ocean into a storm, and over- 
whelm and sink the largest vessels to the bottom of 
the deep. Such, and so great is the power it exer- 
_ cises, though at the same time it is not an object of 
our senses, but manifest only to our reason. What 
are the effects to which air is not necessary? or in 
what place is it not present? All the space between 
the heaven and the earth is filled with it. It is the 
cause both of winter and summer: in the winter, it 
& condensed and cold; in the summer, it is mild and 
gerene. The sun, moon, and stars are directed by it 
in their courses; for air is the aliment of fire, and 
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fire that is deprived of it becomes extinet; so that 
the sun itself has a perpetual motion, by means of a 
pure and perennial air. The sea itself is impreg- 
nated with this element, because the inhabitants of 
the water cannot subsist without it: in a word, it 
sustains the moon in its orbit, serves as a vehicle to 
the earth, and no place 1s void thereof.” M110 

Plats, the greatest and most amiable of the Greek 
philosophers, accounts for the animal functions from 
an intertexture of air and fire acting throughout the 
whole frame of the body. To fire, he ascribes the 
office of expanding within, and acting through the 
body outwards; while the element of air compresses 
from without, and counteracts the force of the in- 
ternal fire. 


LECTURE VI. 


o THE NATURE AND PROPERTIES OP FIRE. 


As it is one end. of these Lectures to open and im- 
prove your understanding; to invigorate and expand 
the faculties of your mind; to exhibit a clear view of 
the beauties of creation, the properties of matter, 
the laws of motion, the powers and immortality of 
man, the ultimate intention of God in the production 
and preservation of the universe; it will be proper to 
lay before you, from time to time, the nicer discri- 
minations of truth and falsehood, which cannot be 
better effected than by collating the sentiments of 
the-wisest and most experienced among mankind, 

and laying them before you. 8 
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Though Trvrn does not appear in the other de- 
partments of learning with that bold and irresistible 
conviction with which it presides in mathematical 
science; it shines through tham all, if not interrupted 
by prejudice, or perverted by error; with a clear and 
useful, though inferior strength: and, as it is not 
necessary for his general safety or convenience, that 
the traveller should always enjoy the heat and splen- 
dor of a mid-day sun, whilst he can pursue his jour- 
ney with more pleasure and accommodation under 
the weaker influence of the morning or evening ray, 
$0 it is not requisite for the various concerns and 
purposes of life, that men should be led by truth of 
the most redundant brightness.* 

On the contrary, it is in every view more useful 
and expedient for us, situated and circumstanced as 
we are, that Providence has left us in the confines 
of much darkness, to act and move under the shades 
of weak, but sufficient evidence: such is the evi- 
dence we are obliged to resort to in natural philo- 
sophy. wo 

To know the inherent powers and properties, 
qualities, attributes, motions, operations, causes, and 
effects of those bodies with which we are by nature 
every where surrounded, which are perpetually sol- 
liciting the external senses, and with whose uses we 
are immediately concerned, constitute the various 
and extensive field of Physics or Natural Philosophy. 


4 OF PHYSICAL PRINCIPLES, 


5 The evidence of the external senses is obvious] 
the primary principle from which all physical know- 
ledge is derived. 5 


* * Tatbam's Scale and Chart of Truth, vol. i. p. 124, &c. a 
work which I most earnestly recommend to the perusal. of all 
philosophers. | N | 
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But whereas nature begins with causes, whicfy 
after a variety of changes produce effects, the senses 
open upon the effects, and from them, through the 
slow and painful road of experiment and observation, 
descend to causes. 480 

Man appears upon the stage of this material sys- 
tem as upon a visionary theatre, in which he looks 
only upon the exterior of things, as the eye upon a 
flower that is full blown; or upon an insect in all 
the pride and beauty of its colours, without observ- 
ing immediately the different stages through which 
they have passed, the different forms they have as- 
sumed, the different changes they have undergone; 
and without descending to the seeds and principles 
from which they spring, and which, upon examina- 

tion, will be found totally different both in form 
and colour. In like manner are the senses the ulti- 
mate criteria of all physical knowledge, liable to be 
imposed upon and deceived in regard to the quali- 
ties and causes, the powers and operations of phy- 

sical bodies. 

The senses are therefore to be assisted by obser- 
vations taken with diligence and circumspection; 
and to be undeceived by different analyses, which 
divest nature of her external and compounded form, 
and lay open her internal mechanism and construc- 
tion: their errors and miseonceptions are to be rec- 
tified by the use of experiments of different kinds, 
which penetrate her inmost recesses, and descend 
to her remotest causes. By the application of such 
assistance they are enabled, but not without diffi- 
culty, to leave behind the fallaciops, to pass from 
one appearance to another, and, as far as human 
search can go, to judge of the realities of things. 

The information, which the sense gives us, as 

Lord Bacon, the great friend and father of philoso- 
hers, has observed, is to be examined and corrected 
y various methods; for, though they deceive us an 
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All occasions, they themselves discover the errors 
into which they lead; but whereas the errors lie 
immediately before us, the indications of them are 
to be sought at a great distance. e 
The senses are subject to a two-fold defect; they 
either desert or else deceive us. Many subjects 
elude their cognizance, however well they may be 
disposed and free from impediment, either from the 
tenacity of the whole object, or the extreme minute- 
ness of its parts; front the distance of its situation, 
the slowness or velocity of its motion, its familiarity 
to the eye, and from many other causes. And 
again, where they fully apprehend their object, they 
are not to be securely relied upon; for the testimony 
and information of the senses depend on the analo 
and constitution of man, and not on those of the 
universe; so that, to say that sense is the adequate 


measure or competent judge of things, is an asser- 


tion founded on mistake. | | 

To obviate the imperfections of sense, philoso- 
phers are under the necessity, by much labour and 
attention, of calling in aid from every quarter, in 
order to supply the deficiencies where the senses fail 
us; and also to regulate and rectify them where th 


vary in themselves. This is effected not so ee 


by the use of instruments, as by the help of expe- 
riments; for experiments are more penetrating and 
subtile than the senses, even when assisted by instru- 
ments of the most exquisite contrivance. I mean, 
says Lord Bacon, for he is still speaking to you, 
such experiments as are ingeniously invented, and 
applied with skill and address to the elucidation of 
every thing which is the subject of inquiry. 
Philosophers do not, therefore, rely upon the per- 
ception of the senses, immediately applied as in their 
proper and common exercise, but bring the matter 
of judging to this issue: that the senses judge of 
experiments, and experiments of things: thus expe- 
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riments are in fact as the religious guardians of the 
senses, from which every thing in sound philosophy 
is originally derived, and the skilful interpreter of 
their oracles; so that, whilst others only pretend, 
true philosophers in reality cultivate and support the 
evidence of sense. | ent Hi 
It may, therefore, be laid down as a maxim, © That 
no physical effect is really explained or understood, 
unless it be deduced from a physical cause, the exis- 
tence and operation of which can be experimentally 
demonstrated.“ Men have no right to assume the 
character of law-givers to the works of God, but 
must be content to borrow from them all the laws 
of philosophy. 
I shall hereafter endeavour to explain to you the 
nature of physical reasoning, and shew you how 
the philosopher is conducted by a slow but steady 
pace in the rational investigation of the general 
causes of physical truth; my present business will 
be to treat of the wonderful element of Fire; an 
agent concerned in almost every operation in life, 
and every phenomenon in nature; and you may 
boldly assert, that that system of natural philosophy, 
which does not consider the agency of fire in its ex- 
planation of phenomena, is not founded on truth, 


OF FIRE, 


Fire is an agent of such importance toward the 
government of the natural world, and of such use in 
all the concerns of life, that it has always attracted 
the notice of mankind and driven them into various 
speculations. We find, accordingly, that the an- 
cient heathens not only admitted it into their philo- 
sophy, filling the universe with its substance, and 
deducing therefrom all the greatest effects in nature; 
but they were so struck with its power and use in 


the world, that they paid to fire divine honours. en 


or Ini. try / 


Notwithstanding its celebrity among the ancients, 
and the 2 of its agency in nature, very” 
different opinions have been held: by the moderns* 
concerning it; some contending that it was incor- 
poreal; others disputing whether fire in itself is truly 
à being like water, air, and earth, or an adventitious/ 
and accessory property resulting from the intestine 
motion of the insensible particles of matter; it will 
be necessary, therefore, to prove to you the materi- 
ality and reality of fire as a distinct being. | 

The far greater part of those who have considered 
the subject, believe fire to be a subtile, active, and 
elastic fluid, universally disseminated through the 
universe, penetrating all bodies with more or less 
facility; having a constant tendency to diffuse itself 
uniformly, so as to maintain an equilibrium; dilat- 
ing the several substances it penetrates, and making 
them assume the state of fluidity, and afterwards 
that of vapour. Whenever you perceive a number 
of qualities always existing together, you are ware | 
ranted to-- conclude that there is some substance 
which produces those qualities. 

FIRE A REAL AND MATERIAL SUBSTANCE. 

Fire can drive out other matter from any given 
space; and certainly that which can expel other bo- 
dies, and take the place of them, must itself be' body. 

If the ball of a thermometrical tube be filled with - 
air, spirits, or mercury, fire applied underneath. will 
expel them all in their turns; which it cannot do, 
but in virtue of its own proper extension; and if it 
be extended, it is a bodily substance. 

Whatever occupies space and resists the touch, 
we have a right to eall a material substance, whether 
we can see it and weigh it, or not: thus air, which 
15 invisible, and not very easily ponderable, is univer- 
sally allowed to be a substance and not a quality. 
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Light is an emanation of fire; the decomposition 
of the rays of light proves their materiality: what 
is _ on the surface of a burning-glass, is fire at 
its focus: whatever, therefore, proves the materiality 
of light. is applicable to fire. 

A fluid, subject to the like laws with the elastic 
air, must be as material as the air is. Fire, in com- 
mon with air, is subject to be confined by an incum- 
bent pressure, and released when that pressure 1s 
withdrawn, Fire would make water Foil much 
sooner if it were not resisted by the pressure of the 
atmosphere on its surface; and 8 wot 1t boils, as 
you have seen, in a very low degree of heat in the 
vacuum of an air-pump. 54 

Fire evaporates also from an heated liquor more 
slowly, when counteracted by the pressure- of the 
air: thus, if two equal vessels of water, equally 
heated, be set to cool, one under the exhausted re- 
ceiver of an air- pump, the other in the open air, the 
water under the receiver will cool sooner: thus 
proving, that fire is confined by an incumbent pres- 
sure, and that it evaporates with greater freedom 
where there 1s less resistance. 

Proofs multiply on proofs to shew, that fire is a 
material substance; fr like any other substantial 
fluid, it may be transferred, with different circum- 
stances, from- one parcel of matter to another, If 
you add any quantity of hot water to the same quan- 
tity of 2 of the same temperature with the 
atmosphere, the water will communicate about 
twice as much heat to the quicksilver, as the quick- 
silver of the same heat would give to water as cool 
as the quicksilver in the first instance. This shews, 
that fire is not the production of motion in the solid 
parts of matter; because, in that case, the heavier 
particles of quicksilver would communicate more 
motion to the parts of water, than the parts of wa- 
ter, which are so much lighter, and have conse- 
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quently less momentum, could communicate to the 
quicksilver; whereas, the effect of the heated water 
on mercury is twice as great as the effect of the 
heated quicksilver on the water. This necessarily 
implies a transfusion of some matter or element from 
one of the bodies into the other; and is inexpli- 
cable, upon the supposition that the particles are 
expanded by an innate repulsion, or any unsubstan- 
tial quality; for how can quality be poured out like 
a liquor from one vessel to another? or move like 
a river with different degrees of force, through chan- 
nels of different breadths, as 1s plainly here the case 
with fire?* | 
Put a piece of iron or copper into a glass vessel 

containing aqua fortis; if it works tolerably well, 
place the phial under a receiver, and exhaust the 
air; it will then work with more violence; so much 
so, that if the air were exhausted to a high degree, 
it might possibly take fire and explode. While it 
is boiling with vehemence, drop it into a vessel of 
cold water, previously placed on the plate of the 
pump, which will very soon so check the operation, 
that the aqua fortis will not work with the same 
violence so long as it is surrounded by the water. 
That the agent in this case is fire appears very 
plainly, and that the motion does not make the heat, 

ut that the fire and heat occasion the motion; be- 
cause when the air, the natural antagonist of fire, 
is removed, the fire acts more freely. That the 
water applied externally should check the fire, is very 
natural, if it be considered as a fluid; but no reason 
can be given why it should check the operation, upon 
any other principle. | 
Nothing can be more strange than. to imagine, 
motion can impart a property which it has not in it- 
self; what kind of connection is there between the 
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ideas of burning, and motion of any sort? or how 
can motion account for any thing but motion? Ima- 
ine all kinds if you please; let them begin how you 
will, and take as many different directions in all 
their different particles will this convey to your 
mind the idea of heat, light, or fire? Had you 
never felt the effects of fire, though you had seen 
the intestine motions of all the particles of the globe, 
do you conceive these motions would have given 
you the idea of heat or light? | 
Motion may disengage fire from bodies, or it may 
give it a particular direction, in which it may have a 
more sensible effect; but motion does not create fire. 
Motion may render things sensible, which 'it does 
not create or cause; and it may dispose them to act 
80 as they would not have acted while at rest. We 
do not perceive the existence of the air when there is 
a perfect calm; but when the air is put in motion, 
we perceive it: the motion does in this case all that 
the motion does in the other; it does not create what 
we perceive, though it renders it sensible. There 
was fire in the wood, and there was air in the field, 
though we did not perceive either while at rest: 
the rubbing two pieces of wood does not create fire, 
any more than the blowing of the wind creates air: 
motion renders both perceptible; they both existed, 
although unseen and imperceptible to our senses. 
Among the inconceivable and incredible mysteries 
that philosophy propounds, we may consider that 
which intimates the possibility of fire being nothing 
else but an intense vibratory motion of the particles 
of an heated or ignited body. In the hottest bodies 
we cannot be made sensible of vibration existin 
among their particles, while certain sounds wil 
cause the most solid substances to vibrate percep- 
tibly, without producing any heat. | $i 
That fire cannot be caused by any mechanical 
motion we can impress, is evident; because, on me- 
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chanical principles, the effect must always be pro- 
portionable to its cause: in the case of fire, the 
effect very far exceeds the cause, supposing the latter 
to be only a mechanical pereussion, as in the case of 
hammering iron till it be red-hot. We allow, that 
by a few strokes of an hammer the iron will be put 
into motion, and heat will be produced: but if yon 
direct this motion of these particles upon another 
body whose parts are at rest, these will resist the 
communication from the former, in proportion to 
their vis inertiæ, and the cohesion of their parts. 
No reasoning upon mechanical principles can shew 
why motion should increase and multiply itself with- 
out end, as we see fire do: besides, motion and vi- 
bration are effects, for matter will not begin to move 
itself: and further, those that have adopted the hy- 
pothesis of motion, have never proved the motion 
for which they contended: if granted, the pheno- 
mena could not be explained by it. If heat depended 
on motion, it would immediately pass through an 
elastic body; but it passes through them slow, like a 
fluid: if it depended on vibration, it ought to be 
communicated from a given vibration, in proportion 
to the quantity of matter; but this is contrary to 
facts. When we see a small spark gradually set a 
large city in a blaze, it is impossible to suppose that 
there is no more motion in all the parts of the city 
thus on fire together, than there was in the first 
little spark that began the fire; or that there is no 
more power or force in this fire, than in the scarce 
distinguishable spark by which it began. Further, 
the laws of the communication of fire are not analo- 
gous to the laws of motion; and nothing is less 
known, or more difficult to be known, than the pro- 
ession and communication of fire in systems of bo- 
dies of unequal temperature. 
In whatever way you examine nature, whether 


you begin with it as it stands to the reason, and 
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| 
| 
then divide it by the imagination into all its various 
| modifications; or whether you begin with the most. 
| general properties as they ”—_ to the senses, and 
| then compound them into all the variety of nature, 

\F still you will find, that fire has the same pretensions 

= to reality with air, earth, and water. 

q How came it then, that motion was ever as- 
signed as the cause of fire? It seems to have arisen 
from our being apt to consider what we see imme- 
diately precede any thing, as the cause thereof: 
hence, perhaps, Bacon, Descartes, and Newton, hav- 
ing observed, that heat followed the friction of two 

ried bodies rubbed together; that a cord caught 
by being rubbed against hard substances; and 
at a piece of iron might be beaten red-hot; were 
nclined to imagine, that this motion was the cause 
which generated the heat; though a person who had 
never seen those experiments, but who had observed, 
that motion of some kind or other had been always 
produced in all matter upon the application of fire, 
would certainly have concluded the contrary that 
motion was caused by fire: and when he found, that 
heat is very often by no means the result of motion, 
but produces cold, he could not but infer the reality 
of the existence of fire; which never fails to produce 
motion, in opposition to motion being the cause of 
fire, which is at best but a partial cause. 
That species of false reasoning which proceeds 
from a few particulars to a general conclusion, steals 
into the mind so imperceptibly, that men can hardly 
be too much on their guard against it. Considered 
in its own nature, nothing can be more obvious, than 
that a proposition, which may be true in a particular 
instance, may not be so invariably; and that, there- 
fore, two such propositions should never be con- 
ſounded together as if they were synonimous; had 
this been sufficiently attended to, motion would 
never have been considered as the origin of fire. 
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Phe difficulty that has so long attended the ac- 
knowledging the reality and elementary existence 
of fire, has also arisen from the implicit credit we 
are apt to give to the opinions of very great men. A 
man of superior genius, who has distinguished him- 
self by new discoveries, more extensively reasoning, 
or more accurately investigating truth, naturally 
gains an ascendancy over the minds of others, which 
spreads a sanction on his mistakes: it becomes a 
kind of sacrilege to examine even his conjectures; 
and time only, which lessens all other reverence, 
must wear off that which we have conceived for him, 
before mankind can acquiesce in his being fallible: 
nothing has been so eminently detrimental to the 
of science, as a blind and servile deference 

to the authority of great names. | 
As new terms have within these few years been 
adopted by the writers who have treated on fire, it 
will be necessary, before we proceed, to give you 
some account of them. By the word fire in these 
Lectures, I mean that very subtile fluid which is the 
cause of heat, and by which bodies are expanded, 
fluids raised into vapour, solid bodies rendered fluid, 
&c. Modern French writers, for the same p 
use the terms igneous fluid, matter of heat, and, 
lately, caloric. Some English writers have used the 
— heat in the same sense; thus confounding the 
cause with the effect. Heat, properly speaking, 
is that sensation which the presence of fire occa- 
sons in an animate body: the state of an inanimate 
body, when it contains fire, is also distinguished by 
this word; for we say, the heat of red-hot iron. 
We ought always by the word heat to understand 
the effect of fire, or fire acting in a certain manner, 
rather than the element itself, which may exist in 
substances actually cold to the senses. | | 
Dr. Irvine and Dr. Crawford use the term abso- 


lute heat for that power or element, which, when it 


is 


present to a certain degree, excites in all animals 
tbe sensation of heat: in this sense absolute heat, 
und the element of fire, have the same signification. 
Fire, as having a relation to the effects it produces, 
and by which it is known and measured, is called by 
Dr. Crawford relative heat. n 


The 
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The far greater 


tile fluid, which 
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great Boerhaave maintained, that fire was a 
fluid universally diffused, and equally present in the 
frozen regions as in a glass-house furnace; only in 
the latter it is put in action, and rendered more evi- 
dent to our senses; if brought into action its exist- 
ence would be as demonstrable in the coldest 

of the world as in the furnace; all bodies contain 
it: it is in the earth we inhabit, and the food which 
nourishes us; we ourselves are filled with it. Al- 
though it is capable of destroying and consuming 
all things; yet, as it is incapable of combustion 
without another substance, it is so far from being 
prejudicial to us, that it forms an essential part of 
our animal life: it constitutes a portion of the fluid 
we breathe, the only part which contributes to sup- 
port animal heat. 


part of modern philosophers co- 
incide in this respect with Boerhaave: to enumerate 
their names would be to fill pages; suffice it there- 
fore to name a few: Jones, Lavoisier, Black, Craw- 
ford, De Luc, Pictet, De Saussure. Hear Mr. La- 
voisier speak for himself: I consider our earth,” 
says he, © as every where surrounded by a very sub- 
penetrates without exception all 
the bodies which compose it.” 
caloric; we call it fire: it tends always to put itself 
in equilibrium in all bodies; but it does not pene- 


trate all with equal facility, Lastly, this fluid is 


This fluid he calls 
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Sometimes in a state of liberty, sometimes in a fixed 
form, and combined with bodies. | | 
This opinion on the existence of fire is far from 
being new; it is that of the greatest number of an- 
cient philosophers: © I shall, therefore,” says he, 
« dispense with relating the facts on which it is 
founded; but if I shew, that it always accords with 
the phenomena, and that it explains every thing that 
happens in philosophical and chemical experiments, 
it will be almost giving demonstration to opinion. 
Indeed this opinion seems too conformable to the 
course of facts, and the simplicity of nature, to be 
considered only as an hypothesis. 


PENETRATION OF FIRE. 


Fire penetrates all bodies, even the hardest, being 
equalled therein only by the magnetic fluid; every 
thing around and about you confirms this truth; it 
may he easily also illustrated by experiment: cover 
this thermometer, which I have already told you is 
an instrument to measure the degrees of heat, with 
glass; apply any heated substance to the outside of 
the glass, and it will raise the fluid in the thermo- 
meter: the same will take place if it be inclosed by 
a metallic case, or a case of any materials whatso- 
ever: this could not happen unless fire penetrated 
through the materials. 

A thermometer suspended in an exhausted receiver 
will shew the same degree as one in the open air; 
for the fire which is diffused through the atmos- 
phere, is also diffused through what we call a va- 
cuum, Sir Haac Newton had, indeed, long ago 
shewn, that heat was conveyed by a medium more 
subtile than common air; because two thermo- 
meters, one placed in the vacuum of an air-pump, 
and the other in the open air, but at an equal dis- 
tance from the fire, will shew an equal degree of 
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heat nearly at the same time. Had he pursued his 
thought, he would have, no doubt, concluded, 
that fire is present in all places, and that it is as 


active where there is no terrestrial matter as where 
it abounded. | 


" TENDENCY OF FIRE TO AN EQUILIBRIUM. 


One of the most constant characters of fire is a 
continual tendency to equilibrium, or to flow from 
a warmer to a colder body; to issue from those 

rts where it is least resisted, till the resistance 
— uniform; communicating the superabund- 
ant fire to all the surrounding bodies, till they at- 
tain the same temperature. In this point of view 
fire seems to be restrained only by itself. To ob- 
serve the fluctuation of fire from one body to an- 
other, till they all acquire the same temperature, 
place in a room, where the sun does not shine, a 
variety of substances; as wood, feathers, iron, &c. 
of different temperatures: let a thermometer be a 
plied close to each of them, and the fire in the hottest 


will diffuse itself among those that are heated to 


a less degree; and its fluctuation from one to an- 
other will be evident by the thermometer, till 
they all acquire the temperature of the room: this 
is, among many other phenomena, one that cannot 
be conceived without admitting fire to be a fluid, 


passing from one body to the other till it is equally 
diffused. 


OF THE DISTRIBUTION OF FIRE, AND OF THE 
SUBSTANCES WHICH CONDUCT HEAT. 


It does not appear that different degrees of fire 
can penetrate all bodies with equal forces in equal 
times; or, in other words, the power of transmitting 
heat is different in different bodies; some conducting 
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&t more readily than others: thus, if you hold one 
end of this metallic rod in your hand, and put the 
other in the fire, it will soon become too hot to 
hold, though it is three feet long; but one end of 
this glass rod, which is considerably shorter, may be 
held without any inconvenience, while the other 
end is red-hot and melting. Again, here are se- 
veral metallic rods, each of which is covered with 
a thin coat of wax: I plunge the ends of these into 
melted lead, and you perceive that the coat of wax 
melts sooner on some than on others; which proves 
that some metals transmit fire more readily than 
others: in more general terms, those bodies, whose 
temperatures are soonest altered, are said to be the 
best conductors of fire. 

The differences of the spaces of time in which 
fire penetrates different bodies, and finally acquiring 
the same temperature, may depend on their pe- 
culiar powers or faculties of retaining fire; this fa- 
culty has been called their capacity. 'The greater 
this power 1s in any body, the greater the quantity 
of fire that will be accumulated therein before the 
equilibrium resulting from that accumulation takes 
place; or, in other words, before it can exert the 
same expansive force outwards; consequently, when 
this equilibrium is attained,- though there may be 
an equal expansive force exerted, and therefore an 
equal degree of heat indicated by the thermometer, 
it does not follow, that there is an equal accumula- 
tion of fire in the several bodies. | 

To illustrate this principle, let us plunge into a 
bason of water at the same instant a pound of dried 
sponge, a pound of blotting-paper, and a pound 
of some porous wood: at the expiration of a certain 
time these substances will be equally wet, and will 
have imbibed all the water they are capable of 
retaining. The blotting-paper, as being the most 
permeable by the water, will. be the first penetrated 
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thereby; it will not penetrate the Sponge so soon: 
Ist. Because it is not so permeable by water as 
the blotting- paper. 2dly, Because it has a greater 
capacity of imbibing water, and will consequently 
require more time to be saturated than the paper. 
Lastly, The wood will require a longer time to 
be fully moistened, although it has less capacity, 
being less permeable to water than the other two 
substances. 

When you take them out of the water, they will 
be apparently wetted in the same degree, as well ex- 
ternally as internally; but they will contain very 
unequal quantities of water. The circumstances 
are nearly the same with respect to substances of 
equal masses, and different natures plunged in an 
atmosphere of fire. 

If we could apply an hygrometer to those sub- 
stances the moment they are taken out of the wa- 
ter, it would indicate nothing more than that they 
were equally humid; but would leave us ignorant 
of the quantities of water they contained. In like 
manner the thermometer, applied to different sub- 
stances heated to the same degree, will only shew, 
that the fire has an equal expansive force in each of 
them, but would give us no information as to the 
absolute or relative quantities of fire which produce 
this expansion. 

Lou will find heat greatly retarded by cork, and 
still more by feathers and wool, * other soft 
spongy substances; perhaps, because there is less 
contact of parts. Flannel and feather-beds are 
considered as warm, but they have no heat; for they 
keep bodies, ice, &c. cool better than other sub- 
stances: they hinder heat from evaporating, as their 
interstices are filled with air; being slow either in 
transmitting or parting with fire; they are proper 
ſor preserving and retaining the heat of our bodies, 
and thus keeping us warn. Snow being of & 
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soft 5pongy texture, keeps the ground warmer than 
the fr 


eezing point; but this is warm, compared 
with the intense cold felt in several climates, fre- 
quently 32 below frost. Now, the freezing point 
is as much warmer than this, as the weather in our 
summer is than that of frost: it is common in Si- 
beria to see the thermometer 140 below the point of 
congelation. | 
Fluids convey fire very fast; air cools bodies very 
quickly: this may depend upon the expansibility 


which air — from fire, which occasions a con- 


tinual change of its particles: thus, if you expose a hot 
body to —. air to cool, the air in contact ah” 
expands and becomes lighter, and is consequently 
driven upwards; and thus there is a constant ac- 
cession of fresh air to the body. If you place the 
body between the sun-shine and the wall, you 
will see the air rising like an undulating vapour 
upon the wall: you see it, because the vapour turns 
those rays of light aside which pass through it; 
and consequently the wall is less illuminated in 
those parts than the rest; and you therefore per- 
ceive the shadow for the same reason that you see 
the shadow of smoke. This causes objects, when 


viewed through the rarefied air of a heated field, to 


seem to change place, and tremble when the sun 
shines upon it. 
It is owing to this evaporation upwards, that iron, 
or any other substance, will heat a body held over it 
sooner than under it; but if a piece of iron is placed 
under a receiver, the bottom is hottest, as being 
nearest in contact: hence the cold observed at seca, 
upon approaching mountains of ice; the cold air, 
being condensed, falls down the sides of the ice, and 
floats along the surface of the sea. When a vessel 


of water is placed over a fire, the lower parts of the 
Water are expanded and rendered lighter thereby, 
and of course are driven to the top by the weightier 
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and colder parts which descend to the bottom, and 
thus there is a continual circulation from the ander 
to the upper part of the vessel. 3 

From the nature of fluids deep lakes of water sel- 
dom frecze in winter. The cold air, by rushin 
over the surface, will render the top weightier, which 
will sink, and its place be supplied with a warmer 
portion from below, which in its turn will also be 
cooled: and the air has the whole heat of the water 
to carry away, which is often not done during a 
whole winter. Hence the remarkable temperature 
upon the ocean, and upon islands, when compared 
with continents in the same degree of latitude. 

From Sir Benjamin Thompson's (now Count Rum- 
ford) experiments it appears, that of the different sub- 
stances used in clothing, hare's fur and cider-down 
are the warmest: next to these, beaver's fur, raw silk, 


$heep's wool, cotton wool; and lastly, lint, or the 


scrapings of fine linen. He also found that the air 
which occupies the interstices of bodies, made use 
of for covering, acts a very important part in the 
operation of confining heat, which is still further 
assisted by the fineness and equal distribution of the 
substances made use of to form a covering for that 
Purpose. Ae e 

In furs, the air interposed among its particles is 
$0 engaged there, as not to be driven away by the 
heat communicated thereto by the animal body; 
not being easily displaced, it es a barrier to 


defend the animal body from the external cold. 


Hence it appears why those skins are warmest 
which have the finest, Lage, and thickest furs; 
and how the furs of the beaver, otter, and other 
like quadrupeds, which live much in water, and the 
feathers of water-fowls, are capable of confining the 


heat of those animals in winter, notwithstanding the 
coldness and conducting power of the water in which 


they swim. 
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Bears, hares, and other animals, inhabitants of 
cold climates, which do not often take water, have 
their fur much thicker upon their backs than their 
bellies. As the heated air would more naturally rise 
_ upwards, and escape from the back, Providence wisely 
guarded against this evil by increasing the obstruc- 
tions in those parts, and thereby confining it to the 
body of the animal. 

The snows which cover the surface of the earth 
in winter in high latitudes, are doubtless designed by 
an All- provident Creator as a garment to defend it 
against the piercing winds from the polar regions, 
which prevail during the cold season. 

These winds, notwithstanding the vast tracts of 
continent they pass over, retain their sharpness as 
long as the ground they go over is covered with 
snow; and it is not till they meet with the ocean 
that they acquire that heat which the snow prevents 
their obtaining from the earth, to take off the edge 
of their coldness. MF 

There is no property of fire more generally 
known, or better understood, than its disposition 
to pass from one body to another. If, as I have 
observed to you, a thousand different inanimate bo- 
dies be brought together in a place where there is no 
positive cause of heat, the heat will immediately 
begin to flow from the hotter to the colder bodies, 
till all become of one temperature, or till there is what 
some philosophers call an equilibrium of heat. 

But this is by no means the case with respect to 
animated matter; for, whatever be the degree of 
heat peculiar to individual animals, they preserve it 
stable and unchanged in every temperature, pro- 
yided that it be not altogether incompatible with life 
or health. Thus we find, that the human body 1s 
not only capable of supporting, in certain circum- 
stances, without any material changes, a degree ot 
heat in which the thermometer rises considerably 
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above the degree of boiling water; but likewise 
that it maintains its usual temperature, whilst the 
surrounding medium is several degrees below the 
point of congelation. 1 2 
It is therefore evident, that animals neither re- 
ceive their heat from the bodies around them, nor 
suffer, from the influence of external circumstances, 
| or material alterations in that heat which is pe- 
culiar to their nature. This general fact is further 
elucidated and evinced by many late, accurate, and 
well- authenticated observations; which shew, that 
the degree of heat, in the same genus or species 
of the more perfect animals, continues very uni- 
formly the same, whether they be environed by 
mountains of snow in the neighbourhood of the pole, 
or exposed to a vertical sun in the sultry regions of 
the torrid zone. | 
The stability and uniformity of animal heat, under 
such a disparity of external circumstances, and 80 
vast a latitude in the temperature of the ambient air, 
leave no room to doubt, that the living body is fur- 
nished with a peculiar mechanism, or power of ge- 
nerating, supporting, and regulating its own tem- 
perature; and that it is 80 adapted to the circum- 
stances of its economy, or dependent upon them, 
that whatever be the heat of the atmosphere, it will 
have very little influence either in diminishing or 
increasing that of the animal. | 


OF THE DILATATION OF BODIES BY FIRE, 


Fire never ceases to be fluid, unless when in a 
state of combination with other bodies; it is also a 
rincipal cause of the fluid state of other bodies. 
Fire, when agitated with that motion which is ma- 
nifested by heat, always acts as if it wanted more 
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room; and this in such a wonderful manner, as if 
every particle was a radiant point or center. | 

The particles of a solid body, when heated to 
a certain degree, recede from each other: allow 
it to cool, the particles will approach, each in the 
same proportion in which they receded; and the 
body will return to its former state by the same de- 
grees of expansion, by which in the first instance it 
was extended. 

This expansion of bodies by fire may be deemed 
universal; there seems scarce any exception, but in 
those bodies whose parts are brought nearer together, 
because a fluid contained within them is driven out. 

The first change that happens to any body, when 
exposed to the action of fire, is the rarefaction of its 
whole mass, and an augmentation of its bulk. * 
Before I proceed, it will be necessary to notice a 
distinction of fire into two states, liberated and com- 
bined, to be more fully considered hereafter. Li- 
berated fire is that we are now concerned with; for 
by this state is meant fire in action, producing the 
sensation of heat in animal bodies, and dilating the 
dimensions of all substances; hence it is also oſten 
called manifested, or thermometric fire. 

The intensity of heat is measured by the quantity 
of free fire, or fire in action; for though we cannot 
determine the quantity, we can estimate its action on 
bodies by the degree of their dilatation. | 

This dilatation is the most general indication of 
the presence of fire. To apprecaate this, philosophers 
use instruments called thermometers; in which a 
substance is always employed, whose volume aug- 
ments as proportionably as possible to the increase of 
heat. The construction of these instruments will 
be the subject of future discussion; it is sufficient 
to inform you at present, that by the rise of a fluid 
in a tube, we obtain a measure sufficiently exact, 
of the increase or diminution of active fire Leav- 
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ing these, I proceed to consider the expansion of 
metals. e K 6 
Metallic substances, with whose hardness and tena- 
city you are well acquainted, are expanded and 
rarefied by heat in all their dimensions: let us lay 
this rod of iron, which is six inches long, in the fire 
till it begins to grow red, and you will then find it 
to be »»th of an inch longer than it was before; that 
is, about 120th part of the whole. That the metal 
is proportionably expanded in breadth, you will see 
by trying to pass it through this aperture, which it 
fitted exactly when cold, but which will not admit 
it now it is heated. This is one of the reasons why 
clocks vary when carried into a hotter or colder ch- 
mate; for the times of the vibrations of pendulums 
are always in the sub- duplicate ratio of their lengths; 
and as the length is changed by heat and cold, the 
times of vibration will be also changed: the quantity 
of alteration, when considered in a single vibration, 
is exceeding small; but, when the vibrations are 
often repeated, will be very sensible. An alteration 
of one-hundred thousandth part in the time of a 
single vibration will make a change of nearly one 
whole vibration in twenty-four hours. 
Different metals lengthen differently with the 
same degree of heat; those instruments, therefore, 
whose parts are to maintain a constant proportion, 
should never be framed of different metals. It is 
from this unequal expansion, that a harpsichord is 
deranged by a change in temperature, lr 
Jo discover the minutest changes in expansion, 
and the relative proportions thereof, an instrument 
has been constructed called a pyrometer. 
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Among the various machines that have been in- 
vented for this purpose, that contrived by Mr, Smeg- 
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ton appears to be the most perfect: its acen is 
confirmed by observations 2 with other rs ng 
ments: it is founded on the following principles: 

1. The quantity of expansion being in proportion 
to the length of the bar, the longer the bar, the more 
sensible the expansion. 4 3 

2. The scale on which the alterations are mea- 
sured, ought to be so large, as that the smallest 
alteration may be visible. erg, OF 

3. The materials of which the measuring parts of 
the instrument are made, should suffer no expansion 
during the experiment, or the degree of expansion 
produced in them should be known and accounted 
for; because the expansion of the instrument, sup- 
posing the bar to be measured does not expand, will 
produce the same appearance as the expansion of the 
bar, supposing the instrument not to expand. 

4. All bodies continuing to expand in proportion 
as the heat applied to them is increased, it is neces- 
sary to ascertain the degree of heat applied, in order 
to determine the comparative expansion of different 
metals. And, 3 1 2 ie u 

5. The measuring parts of the instrument ought 

to be so large, as that the quantities of the measured 
expansion may be known in real measure. 
The instrument, plate 5, fig. 1 and 2, is 80 con- 
structed as to receive a bar two feet four inches long, 
and might be made capable of receiving bars of a 
much greater length of some kinds of materials, but 
not of others, on account of their flexibility, even 
with a degree of heat not exceeding boiling water. 

The measures are determined by the contact of a 
piece of metal with the point of a micrometer screw. 
The observation is best judged by the hearing, ra- 
ther than that of the sight or feeling: by this method 
it has been found practicable to repeat the same 

measurement several times, without differing from 


itself above z th part of an inch. The degree of 
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sensibility attained by this method is superior to any 
thing that can be done by sight or S | 

As no substance has hitherto been discovered that 
is perfectly free from expansion by heat, the bar 
which makes the basis of the instrument suffers the 
same degree of heat as the bar to be measured; con- 
sequently, the measures taken by the micrometer are 
differences of their expansion. 

The expansion then of the basis between two 
given degrees of heat being once found, the absolute 
expansion of any other body, by adding or subtract- 
ing the difference to or from the expansion of the 
basis, according as the body to be measured expands 
more or less than the basis, will be determined. | 

When the instrument is made use of, it is im- 

| merged, together with the bar to be measured, in a 
cistern of water; which water, by means of lamps 
underneath, is made to receive an intended de 
of heat, not exceeding that of boiling; and thereby 
communicates the same degree of heat to the instru- 
ment, to the bar, and to the mercurial thermometer 
immerged therein, 115 the purpose of ascertaining 
the degree. 
All that remained, was to find the absolute ex- 
pansion of the basis between any two given degrees 
of heat, not greater than that of nn remake warn 
is thus effected. 

For this purpose let there be prep tired a bab of 
straight-grained white deal or cedar, which it is well 
known are much less expansive by heat than any 
metal hitherto discovered; let the bar be adapted to 
the instrument, in like manner as the other bars 
intended to be measured; but that the softness of 
the wood may not hinder the justness of its bearings, 
let its ends be guarded with a bit of brass let into 
the wood at the points of contact, to prevent as 
much as may be the moisture or steam of the water 


from affecting the wood; let it first be well var- 
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nished, and then, being wrapped round with coarse 

flax from end to end, this will in a great measure 
imbibe the vapour before it arrives at the wood: let 
the cistern also be so contrived, that the instrument 
being supported at a proper height therein, the bar 
to be measured may, upon occasion, be above the 
cover, while the basis remains in the water; thus 
will the cover also be a defence against the mois- 
ture. Let the water in the cistern be now brought 
to its lower degree of heat, suppose at or near the 
freezing point, the basis having continued long 
enough in the water to receive the same degree of 
heat; and the wooden bar having been previously 
kept in an adjacent room, not subject to- sudden 
alterations of temperature by fire, or other causes: 
let the bar be applied to the instrument, and the 
degrees of the micrometer and the thermometer read 
off and set down; let the wooden bar be then re- 
stored to its former place, till the water is heated to 
the greater degree intended, suppose at or near that 
of boiling water; the lid being now shut down, and 
the chinks stopped with coarse flax, to prevent the 
issuing of the steam as much as possible, let the 
wooden bar be again brought forth, applied to the 
instrument, and the degrees of the micrometer and 
thermometer read off as before: the difference of 
degrees of the micrometer corresponding to the dif- 
ference of degrees of the thermometer will express 
the expansion of the basis between those degrees of 
heat; that is, upon the supposition that the wooden 
bar was of the same length at the time of taking the 
second measure, as at the first: indeed, a measure 
can hardly be taken without any loss of time, as the 
whole of the instrument, when the hot measure is to 
be taken, is considerably hotter than the wooden 
bar; and, in the case of boiling water, the steam bein 

very repellent and active, the bar is liable to be sen- 
sibly affected in its length, before the measure can 
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be taken, both by heat and moisture, which both 
tend to expand the bar; but as the quantity is small, 
and capable of being nearly ascertained, a wooden 
bar thus applied will answer the same end as if it 
were unalterable by heat or moisture. 

In order, therefore; to know the quantity of this 
alteration, let the time elapsed between the first 
approach of the bar to the instrument and the taking 
of the measure, be observed by a second-watch, or 
otherwise: after another equal interval of time, let 
a second measure be taken; and after a third inter- 
val, a third and a fourth: the three differences of 
these four measures will be found nearly to tally 
with three terms of a geometrical progression, from 
which the preceding terms may be known, and will 
be the correction; which, if applied to the measure 
first taken, reduces it to what it would have been if 
the wooden bar had not expanded curing the taking 
thereof. 

From a few eee of chis kind carefully 
repeated, the expansion of the basis may be settled; 
and this once done, the making experiments upon 
other bars will become ve _ and compendious. 

The bar of brass which composes the basis is an 
inch broad by half an inch thick, and stands edge- 
wise upwards: one end is continued of the same 
piece at right angles, to the height of three inches 
and an half, and makes a firm support for the end of 
the bar to be experimented; and the other end acts 
upon the middle of a lever of the second kind, whose 
fulcrum is in the basis; therefore, the motion of the 
extremity of the lever is double the difference be- 
tween the expansion of the bar and the basis. This 
upper part of the lever rises above the lid of the cis- 
tern, so that it and the micrometer screw are at all 
times clear of the water: the top of the lever is fur- 
nished with an appendage WOE the feeler; it is the 
extremity of this piece which comes in contact with 
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the micrometer screw. The construction and appli- 
cation hereof will better appear from the draught 
than from many words: it hence appears that, hav- 
ing the length of the lever from its fulerum to the 
point of suspension of the feeler, the distance be- 
tween the fulcrum and the point of contact with the 
bar, the inches and parts that correspond to a certain 
number of threads of the micrometer, and the num- 
ber of divisions in the circumference of the index 
plate, the fraction of an inch expressed by one divi- 
sion of the plate may be deduced; those measures 
are as follow: 

INCHES 
From the fulcrum of the lever to the feeler .. 5.875 
From the fulcrum to the plate of contact . . . . 2.895 
Length of 70 threads of the screw ........ . 2.453 
Divisions in the circumference of the index plate 100 


Hence the value of one division will be the x 
part of an inch; but if the screw be altered one- 
fourth of one of these divisions, when the contact 
between the screw and feeler is well adjusted, the 
difference of contact will be very peroeivable to the 
slightest observer; and, consequently, rrth part of 
an inch is perceivable in this instrument. There is 
one thing still remains to be spoken of, and that is, 
the verification of the micrometer screw, which is 
the only part of this instrument that requires exact- 
ness in the execution; and how difficult these are 
to make perfectly good, is well known to every per- 
son of experience in these matters; that is, that the 
threads of the screw may not only be equidistant in 
different places, but that the threads shall be equally 
inclined to the axis in every part of the circum- 
ference. | 

As nearly the same part of the screw is made use 
of in these experiments, the latter cireumstance is 


what principally needs inquiry: for this purpose, 
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let a thin slip of steel or other metal be prepared, 
whose thickness is about one- eighth of the distance 
of the threads; let the edges 2 this thin plate be 
cut into such a shape as exactly to fit into the fixed 
notch, in which one end of the bar is laid; let a 
screw pass through the standard of brass on which 
that notch is supported, in such a manner that the 
end of the bar to be measured, that is farthest from 
the lever, may take its bearing against the point, or 
8 rather the small hemispherical end, of this screw: 
Bp let one of the brass bars used in the other experi- 
ments be applied to the instrument, and a measure 
taken: then let the thin plate be put in between the 
end of the bar and the point of the screw last men- 
tioned, and again take the measure; but first ob- 
serve that the plate is put down to the notch, 80 
that the same = of the plate may always agree 
with the point of the screw; and consequently n 
error may arise from a different thickness in iffe- 
rent places ot the plate; observe also that the whole 
comes to a true bearing: then advance the same 
screw till the micrometer screw is pushed backwards 
one: fourth of. a revolution; again repeat the measure 
with and without the thin plate; again advance the 
former screw, so as to make that of the micrometer 
recede another quarter of a. turn, and repeat the 
measures with and without the thin plate. This 
method being pursued as far as necessary, it is evi- 
dent, that the thickness of the plate being always 
the same, if the difference of measures taken with 
and without it are not always the same in the diffe- 
rent parts of a revolution of the micrometer screw, 
that this screw is not equiangular; but from the 
differences of the measures corresponding to the 
thickness of the same plates in the different parts of 
a revolution, the errors thereof may be nearly as- 
signed. For greater certainty in this examination, 
lest the hea of the obseryer's body should alfeet the 
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bar or instrument during the observation, let the 
whole be immerged in the cistern of water, which 
ought to stand a sufficient time before the observa- 
tion is begun, to acquire the same temperature as 
the air, which also ought to be in a settled state. 


DESCRIPTION OF. MR. JOHN SMEATON'S NEW 
PYROMETER. 


Plate 5, fig. 1, ABCD is the main bar or basis 
of the instrument. | 
EF is the bar to be measured, lying in two 
notches; one fixed 1o the upright standard AB, the 
other to the principle level, HI. The end, E, of 

the bar, E F, bears against the point of 

G, a screw of use in examining the micrometer 
screw. | 

The other end of the bar, F, bears against a small 
spherically protuberant bit of hard metal, fixed, at the 
same height as G, in the principal lever, HI. 
K is an arbor fixed in the basis which receives at 

each end the points of the screws H, L, upon which 

the lever, H I, turns, and serves as a fulcrum thereto. 

O is a slender spring to keep the lever in a bear- 
ing state against the bar; and 
P is a check, to prevent the lever from falling 
forward, when the bar is taken out. 

N is the feeler, something in the shape of a T 
suspended, and moveable up and down upon the 
points of the screws I, M, which, as well as L, H, 
are so well adjusted as to leave the motion free, but 
without shaking. | 

R is the handle of the feeler, moveable upon a 
loose joint at R; so that laying hold of the knob, 
the feeler is moved up and down, without being 
effected by the irregular pressure of the hand. 

The extremity, 8, of the feeler is also furfished 
with a piece of protuberant hard metal, to render its 
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contact with the point of the micrometer screw the 
more perfect. n | N 

T, the micrometer screw. V, the divided index 
plate; and W, a knob or handle. 

The micrometer screw passes through two solid 
screwed holes at D and Y. The piece, Y Z, is a lit- 
tle springy, and acts upon the screw backwards from 
the hole D, keeping the micrometer screw constantly 
bearing against its threads the same way, thereby ren- 
dering the motion thereof steady and gentle. 

X, the index, having divisions answering to the 
turn of the screw. This points out the divisions of 
the plate, as the face of the plate points out the divi- 
sions on the index. 0H 

When the instrument is used, hold the knob of 
the feeler, R, with one hand, and, moving it 'up 
and down, with the other move forward the screw J, 
till its point comes in contact with the feeler; then 
with the plate and index, V and X, shew the turns 
and parts. 

Fig. 2, represents the instrument immerged in a 
cistern of water, ready for use. AB is the cistern; 
C the cover, which, when the instrument is raised 
upon blocks, goes on between the bar E F, and the 
basis BC, g. 1. D is a handle to take off the cover 
when hot. E, a mercurial thermometer, whose ball 
is in the water. F, a cock to let out the water. 
G H a hollow piece of tin, which supports seven spirit 
lamps, which are raised or depressed by the screws 
J and K, to give the water a proper degree of heat, 
shewn by the thermometer, E.x | 


* Pyrometers constructed to act by levers are better than those 
by wheel and pinion. The expansion of a bar, whose body is 
simply placed under two microscopes fixed to a bar of cast iron, 
constantly kept to the freezing temperature by enveloping it with 
melting ice, is found to be more accurately observed than by any 
other instrument. Pyrometers on these constructions #hew the ex- 
pansion from yl to roopoy of an inch, Epvit, 
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A FABLE OF THE EXPANSION or METALS, | 
Weapons 


Showing Boro much o fol in hag ee e . ah Increass 
"of beat corresponding to 180 degrees of Fahrenheit's thermometer,” or 
10 the difference between freezing and boiling water, expressed- in 
Rn W Ao 


1. Wikite: glaze da bester tabs 61 100 
2. Martial regulus of antimony y. . e 
3. Blistered steel. e e e 138 
4. Hard steel i ebe, b e 22 . 147 
ann. rd 1 . $408 1 9 9 „ bb 
6. Bismut Ne n at 3 . eU d 
7. Copper hammered ....... A.. Annen —. . 204 
8. Copper, eight parts my with one ef tin ++ 218 
9. Cast brass 4444444 in v0 2 do eee oe oe CEEEEEEEEL 225 
10. Brass, Ee ie? + dd not «+ ++ +.) 229 
11. Brass wire ö „446 „4654446 „„ 232 
I .be © ++ e „ « 64208 
13. Spelter solder, v:z. ne parts; Zinc one 2 247 
14. Fine pewter een, teln 
15. Grain tin een eee 298 
16. Soft solder, Shed vow ante tin one 301 
17. Zinc eyes, with tin one, a little hammered .;..... 323 
18. Lead AE ty WT OT AT RC OR 344 
19. Zinc or spelter eee de e 1.1.08 
20. Zinc, hammered half an inch pe foot. DYE AE 373 


or leg) POWER EXERTED BY FIRE IN EXPANDING 
METALS, &c. 19 


If you consider the vast weight which may be sus- 
pended from a bar of brass or iron, in a vertical posi- 
tion, without separating the parts of the metal, that 
is, without overcoming the force of their adherence, 
you may form some idea of the great force of fire, 
which can so far * . texture of iron and * 
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that their parts will fall asunder with the force of gra- 
vity alone. To render this force ot og Rev. 
Mr. Jones contrived this instrument, plate 5, fig. 3, 
| which is a compound steel- yard; where, by means of 
a slender rod of deal, the space described by the third 
lever is augmented, and made more perceptible: the 
motion of the short arm is to the motion of, or space 
described by the long arm, as 1 to 100; so that five 
oe at the end of the long arm will compress the 
ar at the end of the short one with a force equal to 
a weight of 500 pounds. I shall put on a weight of 
ve pounds at the end of the long arm, and ap- 
ply the flame of this wax taper to the bar acting 
on the end of the shorter arm: you see plainly, by 
the motion of the index, that the expanding power 
of fire in this small compass is equal to 500 pounds; 
and there is no doubt but that the flame of this 
candle would overcome a weight of 5000 pounds 
with the same case, if the parts of the instrument 
would bear the stress necessary for such a trial.“ 
Fluids are expanded by fire as well as solids; those 
employed in thermometers prove this sufficiently, as 
heat can only raise the fluid contained, by expanding 
and dilating its volume. I shall explain the nature of 
thermometers in our next Lecture. Fluids expand 
more or less, sooner or later, according to their nature. 
Io give you an occular demonstration of this ex- 
pansive power, take this glass globe with a long glass 
neck annexed to it, fill it with water up to the first 
mark on the neck, then immerge it into a vessel of 
hot water: you sce the water mounts up into the 


* A, a brass or iron bar, placed vertically between the tops of 
the frame d d d d, and the short arm of the lever L. ; a small weight 
is hung at W, counteracting the expansion of the bar at L. TI. 
motion of the shorter arm is red very sensible by the deal rod, 
X. pointing to the division at HI. Fg. B, a box to hegt the 
bar, A, to boiling water. Fg. A, a heater and stand for experi- 
ments in vacuo. Fig. E, another iron heater. Fig. C, à vessel for 
1 * force of frost. Fig. D, an occasional lever When the 
vessel 18 .. F. * l | 
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are founded on an experimental investigation of the 


907 
beck nd will-continue rising as the heat of the 
water increases; or if you take it out of the water, 
and apply it nearer and nearer to the fire, you will 
find it dilate more and more, in proportion as you 1 
approach; but upon removing it, the water sinks 
again: a clear proof that fire dilates it 80 as to make 
it occupy more space when hot than when cold. 
It appears that fluids of the least density expend 
most with the same degree of heat; thus inflamma- 
ble air dilates more with the same heat than common 
air, common air more than spirit of wine, spirit of 
wine more than linseed oil, linseed oil more than 
water, and water more than mereu But if you 
consider the time necessary for each id to acquire 
the greatest degree of rarefaction it is susceptible of, , 
there is no known law to guide us. ee „though 
much more dense than water, requires less time; 
while water employs more time than spirit of wine, 
which is less dense; yet water, which is more dense 
than linseed oil, requires less time to attain its 
greatest degree of rarefaction. These variations de- 
pend on causes not yet unfolded. Messrs. Bucquet 
and Lavoisier have made a long course of experiments 
on the dilatation of fluids by heat, and its p 1 1 
without discovering the causes of che singular diver- 
sity they — and have, therefore, geerbed 
the facts, without nation any inferences, 
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ox COHESION. 


At will be worth while in this hate to onde ths 
opinions of a modern philosopher on cohesion; they 


subject; and open a field that, if properly pursued, 
will- throw dr light on every P cee of na- 
ture; ae e are, indeed, in direct opposition to a 
feigned attraction of evhesion. The experiments 
that have been ne adduced in 3 of this 
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attraction, must now be given up, as bering ne 
concern, with the principle in question; but belong 
ing to the class of hydrostatical phenomena, not to 
that of immaterial qualities exerted by the particle 
of bodies themselves.“ 

It is difficult to say bow the attraction of cohevion 
came to be assumed as a principle by those who con- 
tended. for. experiment as the basis of philosophy. 
That there are powers by which cohesion is pro- 
duced, no one will deny; but cohesion is not a 
principle sufficiently generalized, to be admitted 
into philosophy as a cause, of which we may cal- 
culate the effects; nor is it understood in that per- 
feet. manner which a, principle requires. 

General observation and matter of fact may al- 
ways be opposed to a thousand little critical experi- 
ments. You observe that nature is provided with 
the element of fire; a material agent, of sufficient 
force and subtilety to overcome and undo the 
strongest effects ascribed to cobesion: and as you 
also know that the design of the Creator was to 
build rather than to destroy, more to promote an 
orderly. disposition of bodies than to cause their dis- 
solution, you will be led to suppose that the same 
agent, acting with some difference of conditions and 
circumstances, is able to affect both the one and the 
other. a 29 „1 
I be air, ſor i instance, it Yd red . a tem 
will tear an oak up by the roots; but does not the 
same air assist the oak and all other trees in their 
growth? Does it not nourish and preserve many 
more than it destrays? Fire hath, in like manner, 
its different offices; that it is the great catholic dis- 
solvent of nature, few will 3 and that it can 
unite as well as separate, ought not to be doubted. 

Let us consider it for a moment as a 2 
the particles of mercury, from W *pberieny deem 
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endued with a strong attraction; yet these will cease 


to have any cohesion, and be separated into vapour 


by a degree of heat but little exceeding that of boil- 


ing water; the agency of fire, in the same männer, 
soon relaxes the cohesion of water, a greater degree 
dissolves the union of its particles, and raises them aloft 
in steam or vapour. All other substances, solid or fluid, 
are subject to a separation of their parts by the en- 


trance of fire; the hardest metals, how closely soever 


their parts may be connected, are easily dissolved, and 
rendered fluid by the heat of a furnace. If nature 
be provided by its author with an element of sueh 
power and activity, as enables it to overcome the 
strongest cohesions, it cannot be destitute of an agent 


powerful enough to cause them: if it can do the 


greater, it certainly can do the less. Fire, acting 
below a certain degree, consolidates water into ice; 
if it acts above that degree, it keeps it fluid; if to a 


higher degree, a total separation of parts ensue, the 


effects being answerable in every instance to the ac- 
tivity and condition of a material agent. Two pieces 
of metal can never be joined so as to possess their 
culiar metallic tenacity, but by the agency of fire. 
When you thus see the effects vary as often as there is 
any change in the element of fire, you are compelled 
by all the rules of reason and] philosophy, to under- 
stand this element as the immediate cause of those 
effects, and must receive it as such, till it is demon- 
strated to be inadequatttttteqae. 
The cohesion of bodies by the action of this fluid, 
may be illustrated and confirmed by some parallel 
effects: here is a stop- cock fastened to the neck of 
a bladder, that it may be screwed on the plate of our 
air- pump; we will do this, and exhaust the air from 
it: this done, turn the stop- cock to prevent the air 
from re- entering; take it off the pump, and the 


bladder is, as you saw before in one of the preceding 


Lectures, transformed into two flat skins, so strongly 


be not ruptur 
to separate them. Now, supposing a person pre- 


repel each other, or that they are elastic; attributing 
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* together, that you cannot with all your force 
separate one from the other: on the contrary, if you 


fill the bladder with air, and turn the stop-cock to 


prevent it from getting out, you will find it more 
difficult to mog the sides together, if the bladder 
in the attempt, than it was before 


sented with this spectacle, unacquainted with the 
pressure of the atmosphere, as you were before this 
course of Lectures, what would he have said, when, 
pulling at the sides of the bladder, he found it im- 
possible to lift up either of them? If acquainted 


with philosophical terms, he might say, that nature 


abhors a vacuum; or he might consider it as an 
undeniable proof of attraction. When the bladder 


is blown up, supposing him still ignorant of the 


fluid within it, he would probably say that the sides 


that elasticity to the solid matter of the membrane, 
which is the property of the solid medium within it. 
You remember our experiments with the Magde- 
burgh hemispheres: you know that if the air be 
exhausted from within, there will be an excess of 
pressure without, which fixes the hemispheres firmly 


together; admit the air, and they fall asunder. As 


every fluid is naturally in equilibrio with itself, the 
air, when applied to both the inner and outer Sur- 
faces, will press with equal and contrary forces, which 
of course, by counteracting, destroy each other. 

As the entrance of the air destroys the adhesion, 
by restoring the equilibrium, it is plain there was not 


an equilibrium before; the action from within must 


have been weaker than the action from without: 
when the former of these is made equal to the latter, 
the cohesion ceases; it is one and the same fluid that 
on this oc exercises the offices of wy __ | 
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Let us now pass from the surfaces of the brass 
hemispheres to the cohesion of brass: this, when 
thrown into the furnace, soon grows red, and as the 
heat increases becomes in a manner transparent; the 
matter of fire penetrates into the bod YC of f the metal, . 
and when the medium within is nearly in the — 
condition as the medium without, there is an end of 
its cohesion.1 

An effect which 7s Wos made: cease in a me- 
chanical way, may be produced in the same way: 
and if the entice and extrication of the fire dis- 
solves and sep the parts of the metal, why | 
may not the essure of the same element be the 
true cause of their cohesion; the fire within com- 
bining itself at the same time with the particles 
of the metal, so as to have less power to exert it- 
self against this external” pressure? If you deny 
the pressure of the air, you must have recourse to 
attraction or suction, or an incorporeal agency, to 
account for the adhesion of the hemispheres. Al- 
low but the existence and pressure of elemen 
fire, the reality of which is manifested to as many 
of the bodily senses as air, and you need not have 
recoutrse to any of these things to account for the 
cohesion of the brass. If any experimentalist can 
exhibit one single solitary instance of à cohering 
body, where he can prove the internal and external 

ressures to be equal in all respects, we will grant 

im in this case his attraction, and confess that this 
effect is not brought to pass in a physical way; 
and that we understand no more of the cause of its 
cohesion than he has expressed under that word, 
which is just nothing at all. 

The effects of heat and cold, as daily exhibited 
to our senses in the ordinary changes of the wen- 
ther, are sufficient to justify the foregoing inſe- 
rences. When the weather grows warm, the power 
of cohesion grows weaker: when the weather be- 
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comes cold; this power is increased; and the hardest 
of metals, in common with all other bodies, are 
n altered in their dimensions. Extreme 
eat will dissolve them; extreme cold will harden 
and render them so brittle, that large bars of iron 
may be easily snapt asunder, aſter they have been 
exposed all night in the open air to a severe frost. 
A power of so fluctuating a nature, and which is 
thus increased and diminished with every change of 
the elements, can be no property of the, coherin | 
matter. If the changes of the atmosphere are foun 
to make the heights of the barometer vary, who can 
doubt that the pressure of the air is the sole and ade- 
quate cause of its suspension? And, accordingly, if 
the air be totally removed from the surface of the 
cistern, the mercury drops to a level with it: thus, 
also, if the degrees of density in a; cohering body 
vary with the degrees of heat, where should we seek, 
but in the element of fire, for the true and physical 
cause of cohesion? eee Cr e e, 
Every thing points out, that cohesion corresponds 
with what we conceive to be acting, when a body is 
diminished in volume by losing its power of dilata- 
tion: it is a power that is always overcome as to this 
effect, when the opposite power, or that of dilatation, 
nn wa: NS ee 
The operation of fire is varied according to the 
several conditions in which it may be found to act. 
In resisting the action of that gravitating matter by 
which the parts of the body tend to approach, the 
operation of the matter, opposed is called heat, and 
distinguished in being that of dilatation; therefore, 
when the volume in certain cases is augmented, 
the heat of dilatation is the proper power by which 
this change is effected; but, when the volume of 
a body is, on the contrary, diminished by the in- 
fluence of another body, that is cold, then the proper 
action of heat in the condensed body is as much 
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overcome as is that of gravitation in the other, which 
is then dilated. W . 
Natural bodies may, therefore, be considered as 8 
influenced by an agent acting in two different 
modes: in the one, diminishing the volume of the 
body; in the other, augmenting this volume in di- 
latation. The limited extension of the body is 
thus conceived, as consisting in the proper ballance 
of those opposing agents. METRES 
Hence, as the fixed volume of a body, which is 
not absolute or real, but apparent, arises from the 
ballance of its powers; so the actual and perceived 
changes in the volume of a body, are occasioned by 
the prevalence of one or other of those powers, / ac- 
cording as increase or diminution of volume is the 
effect: and thus in the one case, it is the dilating 
power of fire which is manifested; in the other, it 
is the compressing action of gravitation that is to 
be considered as the immediate cause; though the 
more remote one is the abstraction of fire, or that 
cessation of its action as heat, which, in common 
language, is the operation of cold. _  :.,_ 
Fire, when acting as heat, is a power acting in 
the opposite direction to that principle of gravi- 
tation, by which the union of matter is effected: 
these, therefore, are the principles by which the vo- 
lumes of bodies are determined, and consequently 
Pr eserved. _ ; | £ 3 
These also give rise to the power by which elas- 
ticity is produced. An external force, endeavour- 
ing to compress a body into a smaller volume, con- 
spires with the proper action of gravitation, and 
opposes that of heat: if, therefore, aſter having 
dimintshed the volume of the body by compression, 
the external ſorce is removed, as the proper powers 
of the body remain, elasticity should appear, by which 
the natural volume of the body is restored. | 
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or TRUE AND FALSE PHILOSOPHY. 


Of the various distinctions which characterize 


philosophy, there are none which deserve so much 


your attention as those which separate what is true 
from what is false: from these you will learn, that 
those men who assume the name of philosophers, 
to countenance infidelity and licentiousness, are not 


less enemies to philosophy than to divinity. 


of the Divine Oracles, as to believe that they 42 com 
true and useful learning, has been debauched b 

sophistical reasonings, or debased by groveling and 
unworthy pursuits. Sacred writ arms us, indeed, 
againt vain philosophy, and all the empty fictions 
of the human imagination, which bring forth neither 
pleasure nor profit; but then it invites you, m the 
sublimest strains, to consider the whlkth of God, 
whose counsels and perfections, as they are displayed 
m the creatures, will eyer be best understood by those 


The mind of that man, who conceives so falsely 
y 


who study them with humility and attention. 


Learning and philsophy never shone more bright 
than when they met with faith and religion in the 


mind of the excellent Lord Bacon; whose opinion it 
was, that the wonderful works of God do minister a 


singular help and preservation against infidelity and 
error. If there be any philosophers so void of un- 
derstanding, as to regard the science of nature on] 
as a tower of state for a proud mind to raise itself 
upon; and to esteem themselves licentiates in infi- 
delity, because they make some figure in philosophy; 
it may possibly do them some good, to look bacx 
upon the example of this great man, who preserved 
a mind untainted with the pride of heresy and infi- 
delity ; and was not more to be admired for his ex- 
tensive learning and experience in the ways of nature, 
of ' skill and penetration into the 
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visdom of the sacred writings: There are,“ says 
he, „two books, or volumes of study laid before 
us: if we will be secured from error, first, the Scrip- 
tures revealing the will of God, and then the crea- 
ture's expressing his power, whereof the latter is a 
key unto the former: they are both Written by the 
finger of the one eternal God,” © 2 

n these we are taught, that the same God, who 
created the world in wisdom, upholds it in mercy; 
that in him we live, and move, and have our being, 
Tf the sun gives us light and warmth, it is his sun, 
which he maketh to rise on the evil and the uu 
If the clouds pour down their water upon our fields, 
to nourish and bring forwards the'fraits of the earth, 
it is he that sendeth ram on the just and unjust: to 
him, therefore, the blessings that are dispensed to 
us in the ordinary course of nature, are to be de- 
voutly ascribed, as to the primary source of all fiſe 
and motion. This conclusion will be equally true, 
whether God is supposed to ben hs benefits 
of nature from his own hand immediately, or by the 
mediation of secondary causes of his own appointing; 
for either way the real government of the whole can, 
ny terminate in himself. 

here are some who dispute against the operation 
of second causes,“ as thinking it to derogate from 
the power of God, that he should stand in need of 
their assistance. But they should be told, that God 
did not make the world, because he himself stood 
in need of any thing: it was for the benefit of His 
creatures; and with the same views he established the 
operation of second causes, consulting therein our 


* 


Certain it is,” says Lord Bacon, that God worketh nothing 
in nature, but by second causes; and if they would have ie itn 
wise believed, it is mere imposture, as it were in favour towards 
God, and nothing else but to offer to the Author of Truth the un- 
clean sacrifice of a lie.” A . 
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eren an e 
ſerent parts that claim a kindred with two different 
Worlds, the visible and invisible. The natural, or 
bodily part, must be supported by natural powers; 
the superior, or spiritual part, by God, who is a 
spirit, and whose powers alone can possibly extend 
to its wants. When nature shall sink, and the spi- 
ritual world open to us, God himself will take the 
place of all inferior causes. A spiritual interposi- 
tion is not wanting in the Christian dispensation; 
but then it is calculated for the benefit of man's 
spirit, while his body is left to the ways of na- 
ture. The two kingdoms of nature and grace, as 
two parallel lines, correspond to each other, follow 

à like course, but can never be made to touch. 
e e understanding of this distinction in all 
its branches, would be the consurnmation of —— 


eee 


t 


14 


. ' ö " 1 4 
oF "64 C1 \ * 
3 
| L A | #JF} U 
* * F 
1 f , 
4 gt d 4 ; 
215 \ } © 7 * 5 F 
LECTURE VII 
* : 
, 
+ þ * 7 L . 


eit 
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Haar and cold are > perceptions of which we acquire 
the ideas from the senses: properly speaking, these 
ideas only indicate a certain state in which we find 
ourselves independent of any exterior object. 

But as these sensations are, for the most 
produced by some of the bodies which surround us; 
and as they are generally accompanied in the bodies 
themselves by an augmentation or diminution of 
fire,” we consider them as causes; and, judging by 
appearances, we apply the names hot and cold to the 
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o Ine. 917 
\ wubtances themselves, calling those hot, Which pro- 
duce in us the sensation of pelt, and those cold, 
which communicate the sensation of cold. Whats 
ever be the nature of that quality in bodies which 
we call heat, we are assured it does not resemble 
the sensation of heat: it is no less absurd to suppose 
a likeness between the sensation and the (quality, 
than it would be to suppose, that the pain of the 
gout resembles a square or a triangle. The most 
unlearned man, if endued with common sense, never 
imagines the sensation of heat, or any thing that 
resembles it, to be in the fire; he only imagines 
that there is something m the fire which occasions 
this sensation: but as the name more fre quently 
Signifies this unknown something, than the sensa- 
tion occasioned by it, he justly laughs at the phi- 
| losopher, who denies that there is any heat in the 
fire. The contradiction, however, between the phi- 
losopher and the vulgar, is more apparent than real, 
and is owing to an abuse of Janguage on the part of 
the philosopher, and of indistinct notions on the 
part of the vulgar. The philosopher says, there is 
no heat in fire, meaning that the fire has not the 
sensation of heat: his meaning is just, but his lan- 
guage is improper; for there is really a quality in fire, 
of which the proper name is heat; a name given to 
it more frequently both by the philosopher and the 
vulgar, than to the sensation of heat: and when he 
explains himself, and says that fire does not feel that 
heat, the difficulty vaniahes, and the vulgar will agree 
with him. | 

And further, heat and cold signify as well our 
sensations, as the modifications of bodies occasioning 
them: therefore, though we say the fire is hot, and | 
makes us hot, we do not mean the same thing b 
_ ne word i in both Fade thus, when we talk 
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of fire melting metals, or burning combustibles by 
the intenseness of its heat, we mean the property it 
has of producing the alterations we see made in those 
bodies;. and this we denominate heat, from that best 
known effect we find it have upon ourselves, in rais- 


ing a burning smart in our flesh whenever we 2 
7 d 


ch near enough; therefore, those who wou 
nd fault with us for attributing heat, &. to inani - 
mate bodies, are too hasty; for by such expressions 
we do not understand the sensations, but the qua- 
lities giving rise to them, which qualities really be- 


long to the bodies; so that, with your plain neigh- 


bours, you may maintain snow to be white, fire ho 
ice cold, roses sweet, poppies stinking, wormwood 
bitter, and the like; =T this you may justly do 
without offence. to propricty of speech, or to sound 
philosophy. | | Fe ie 
Our sensations depend not only on the substances 
which excite them, but on the actual state of our 
bodies. at that time; we cannot, therefore, conclude 


the exact identity or similarity of the cause from the 
sameness of the sensations, unless we could be as- 
sured our bodies were in the same state; if they be 


not, the same object will produce very different sen- 
sations: thus, if you plunge your hand into luke- 
warm water, the water will appear cold, if your hand 
be warm; but if your hand be cold, the water will ap- 
pear to be warm, though in both cases it possesses 
the same temperature. | 1 | 

OF SENSIBLE HEAT. 

Heat and cold are not names of things essentially 
different, but only of different degrees of the same 
thing; that is, of ſire in motion. The penetrating 
power of fire considered as a sensation, or, in other 


words, sensible heat, is only the effect produced 
upon our sentient organs, by the motion or passage 
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of fire disengaged from the surrounding bodies. 
When you touch a cold body, fire, which always 
tends to an equilibrium in all bodies, passes from 
your hand into the body you touch; this loss of fire 

communicates to us the sensation of cold. The con- 
trary happens when we touch a warm body; the fire 
then passing from the body into our hand, produces 
the sensation of heat; if the hand and the body 
touched be of the same temperature, or very nearly 
so, we receive no impression of heat or cold: our 
sensations are, therefore, both imperfect and deceit- 
ful measures of heat, and will not ascertain the con- 
dition of bodies, with respect to heat and cold; 
hence philosophers have sought for some method by 
which they determine the temperature of bodies with 
certainty: this they found in that property of heat, 
whereby it expands and dilates all bodies, which are 
consequently contracted by less degrees of heat, or 


what we term cold. 


OF THERMOMETERS. 


The thermometer, plate 4, fig. 5, is the instru- 
ment devised by science, and. executed by art, as 
the most extensive and accurate means. of infor- 
mation, with respect to the diffusion of heat among 

ies. It is perceptibly affected by the dilatation 

of a small quantity of fire = or by the con- 
densation following upon the separation of a similar 
quantity of fire: consequently, when this, instru- 
ment is severally connected with. bodies being in a 
separate state, the different or equal temperatures 
of those bodies may be 5 by the thermo- 
meter, according as it shall either indicate diffusion, 
or. no diffusion, of heat on these occasions. In 
other words, 33 en E 
Thermometers are instruments to measure the de- 
gree of heat by the expansion and contraction of 
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_unchangeableness; 2. For the regularity of its ex- 
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different substances. Fluids are those generally 
used, because they dilate more readily than solids. 
Quicksilver is preferred to other fluids, 1. From its 


pansion; 3. Because it does not soil the tube. 

A mercurial thermometer consists, as you sec, 
of a tube of glass, the end of which is blown into 
a ball or cylinder; the ball, and part of the tube, 
is filled with mercury: the expansion or contraction 
of the mercury is shewn by the rise and fall of the 
mercury in the tube, which is measured by the scale 
affixed thereto. The smaller the bore or diameter 
of the tube is, the more visible will be the rise of 
the fluid by a small expansion. It is not sufficient, 
however, to have found a measure of heat; it must 
also be universal; that is, speak the same language, 
and raise the same ideas in the mind in all places, 
and-at all times. To this end it is necessary, 1. That 
this measure should begin from a known and deter- 
terminate point; 2. That another point be ascer- 
tained at some distance from the former, but equally 
fixed and certain; 3. That the space between these 
two points be divided into a given number of de- 
grees, so that the scale may always have a constant 
and known proportion. 8 LENS | 
It has been clearly proved, by numerous experi- 
ments, that the freezing point of water, or tempera- 
ture of ice or snow at the instant of formation, or 
rather when it is beginning to liquify, is constantly 
the same in all places, and at all times. The same 
may be said of the boiling point of water, or the tem- 
perature at which; under a given pressure of the 
atmosphere, an ebullition takes place. If, thereſore, 
the bulb of a thermometer be plunged into melting 
snow, and aſterwards into boiling water, and be kept 
in each till it acquires their temperature, and marks 
are made at the respective heights the mercury stands 


at on the immersion in each temperature, two fixed 


7 


* 


OF THERMOMETERS, 921 


points will be obtained. To make this plainer, if you 
put the bulb of a mercurial thermometer into melting 
snow, it will fall to a certain point, where it will 
remain till the snow be melted; shewing you, that 
snow has always a certain degree of coldness, and 
has the power of reducing mercury to the same de- 
gree. In the game manner, if you plunge your ther- 
mometer into boiling water, it always rises to the 
same height. While you are in health, if you place 
the bulb of a thermometer in the mouth, þ will al- 
ways rise to a certain point. 

in a good thermometer it is necessary, that the 
space between the mercury and the sealed end of the 
tube be free from air; if this be effected, the mer- 
cury in the tube will run backwards and forwards 
upon inverting the instrument. The scale must be 
adjusted to the inequalities of the tube; the fixed 
points must be accurately ascertained. 

The thermometers now most in use are Fah- 
renheit's, Reaumur's, and Celsius s. In Fahrenheit's 
scale, the number of degrees between the freez- 
ing and boiling water points is 180; the freez- 
ding point being at 32”, and the boiling at 2127: both 
the numbers are above O, or the point from which the 
degrees are numbered both ways. In. Reaumur's 
scale the number of degrees between these two points 
is 80, and the freezing point is called O; see plate 5, 
fg. 1. In Czlauss thermometer, the interval is 
divided into 100, and the freezing point is O, as 
in Reaumur's. To reduce these scales to each other, 
you must observe, that one degree of Fahrenheit's 
is equal to four-ninths of a degree of Rearmu's, and 
to five-ninths of a degree of Celsjus's: therefore, if 
you multiply the number of degrees below or above 
the freezing point of Fahrenheit's by 4, and divide 
the product by 9, the quotient will be the carre- 
sponding number on Reaumur's scale. If the multi- 
plier 5, and the divisor 9, be used, the quotient will 
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give the degrees of Celsius's scale: and, on the con- 
trary, if any number of degrees be multiplied by 9, 
and divided by 4, if of Reaumur; by 5, if of Cel- 
ius; the quotient will give the degrees of Fahrenheit, 
either above or below the freezing point, according 
to the case. | 
The dilatations and contractions of the mercu- 
rial thermometer are nearly proportional to the 
quantity of fire, which are communicated to the 
same homogeneous bodies, or separated from them, 
as long as they retain the same form: thus the quan- 
tity of heat required to raise a body, four degrees in 
temperature by the thermometer, is nearly double 
that which is required to raise it two degrees; four 
times that required to raise it one degree, and so in 
proportion. | | 
The determination of the correspondence between 
the degrees of the thermometer, and the actual va- 
riations of the heat of fluids, has been accurately 
investigated 15 Mr. De Luc: he laid it down as a 
principle, . That if equal quantities of hot and cold 
water be mixed together, the difference of heat will 
be equally divided between them.” From whence it 
was concluded, that a thermometer being immersed 
in hot water, and also in cold, previously to the 
mixture, if the expansions were in proportion to the 
quantities of fire communicated, it would point after 
the mixture to the arithmetical mean, or to half the 
difference of the separated heats added to the less, 
or subtracted from the greater. Thus, a quantity 
of water at 45.5,* being mixed with an equal quan- 
tity at 200.75, the thermometer indicated somewhat 
less than the arithmetical mean; the deviation was 
not more than two degrees below that point. The 
experiment was repeated at different temperatures 
with a similar result; from whence M. De Luc in- 


* We always mean Fabrenbeit's scale, unless when otherwise 
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ferred, that the mercurial thermometer is nearly 
an accurate measure of heat. The experiments 
from which this fundamental principle is derived, 
have been examined with peculiar care and accuracy 
by Dr. Crawford; who still found that the expansions 
of the mercury in the thermometer, are correspon- 
dent with the heat it receives; and that it is, there- 
fore, an accurate measure of heat. ; 

When the thermometer is rising, it shews that fire 
is entering into the surrounding bodies: the ther- 
mometer, which is one of these, receives its share 
in proportion to its mass, and the capacity it has for 
containing fire. The change, therefore, which takes 
place in the thermometer, announces a state of ac- 
tion, and probably a change of place in the fire con- 
tained in the surrounding bodies, and of which it- 
self forms one part: it indicates the portion re- 
ceived; but it is not a measure of the whole quan- 
tity disengaged, displaced, or absorbed. We cannot 
deduce with accuracy from it the fire which escapes 
from living bodies, or determine with precision the 
temperature of any substance; for the scale of the 
thermometer is a scale of expansion, not of heat. 

As it is essential to conceive clearly what is really 
indicated by the thermometer, let us suppose a ther- 
mometer in a vessel full of water; now both the wa- 
ter and the thermometer contain fire, and this has a 
tendency to quit both. If this force be equal in 
each, the mercury will neither rise nor fall on plung- 
ing the instrument into the water, because the fire 
has the same degree of expansibility in each; and the 
thermometer shews, by the degree on its scale, the 
temperature of the fluid. 

If the expansive force of the fire in the water, or 
its tendency to quit the water, be greater than that 
of the fire in the thermometer, it will pass into the 
thermometer, and expand the mercury till the fire 
in each has the same force; so that the mercury 
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will in this case also indicate the temperature of the 
fluid. If the tension of the fire be less in the water 
than in the thermometer, the excess will be commu- 
nicated by the thermometer to the water until they 
have acquired an equilibrium; the thermometer 
will descend as the fire abandons it, and cease to de- 
scend when the expansive force is equal in each; so 
that in this case also it indicates the temperature of 
the water.“ 

But this expansive action of fire depends on two 
causes: the degree of its accumulation, or absolute 
density, and on the faculty of the substance in 


Which it is accumulated, to restrain or retain it, 


which is often called its specific heat: the expansi- 
bility is in the direct ratio of the density, and inverse 
of the specific heat. From what has been said, I 
hope it still appears more evident, that thermometers 
do not teach us any thing concerning the absolute, 


or even the relative. quantity of fire that is contained 
in bodies. They only indicate the translations or 


transfusions of the igneous fluid; and subdivide into 


nearly equal aliquots, a certain portion of the entire 
scale of heat. 


. 


OF LATENT FIRE, AND SPECIFIC HEAT. 


Let us suppose a point, or focus, from whence 
there issues a constant and uniform emanation of 
fire; and that at equal distances round it several 
substances of the same nature and size be placed; 
these will all be penetrated by the igneous emana- 
tion, and their temperature will rise by equal de- 
grees, and will cease to rise when the fire within 
shall have acquired an expansive force equal to that 
of the emanating fire: but if the substances, though 


of equal mass or weight, are of a different nature; as, 


* $ce Pictet on Fire. 
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; for instance, a pound of water, a pound of glass, a 
b pound of mercury, &c. the fire will penetrate them 
all, and they will all finally acquire the same tem- 
rature, but in different spaces of time, and by 
dissimilar degrees. 'This may depend on two causcs 
not easily separable: the different permeability of 
these substances to the matter of fire, or to their 
faculty of conducting heat, in virtue of which a 
longer or shorter time is required to penetrate their 
texture. The greater their faculty of containing or 
retaining liberated heat, the more will they permit 
the accumulation thereof, before an equilibrium in 
the expansive force takes place; consequently, you 
cannot infer, that this equilibrium is occasioned by 
equal accumulations of fire. 

If an hygrometer be applied to different sub- 
stances, as blotting-paper, sponge, and wood, the 
moment they are taken out of the water, it might 
shew us that they were equally wet, but would leave 
us altogether ignorant of the quantities of water they 
contained: in like manner, the thermometer applied 
to substances heated to-the same degree, will shew 
that the fire has an equal expansibility in each; but 

it teaches us nothing as to the absolute or relative 
quantities of fire which produce this tendency: but 
you may obtain the relative quantities of water in the 
three substances, by drying them to the same degree 
in an apparatus proper to select separately the water 
which will abandon them, So you may likewise 
obtain the relative quantities of fire contained by 
the various substances heated to the same ther- 
mometric degree, if you cool them to the same 
degree in an apparatus proper to receive and mea- 
sure separately the quantity of fire which abandons 
them during their refrigeration: this may be ef- 
fected either by means of mixture, or by the a 
paratus contrived by Messrs. Lavoisier and De I. 
Place, This reasoning as well as the experiments 
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on which it is founded, are clear proofs of the mate- 
riality of fire. 

Fire, considered in this point of view, as accu- 
mulating in a greater or less quantity in substances 
of different natures, but of equal masses, and in 
which it acquires the same expansive force, is oſten 
termed specific heat: it is the relation of the quan- 
tities of fire necessary to raise different substances 
of equal masses to the same temperature. 

To discover the quantity of fire contained in bo- 
dies, Messrs. Lavoisier and De La Place invented a 
simple, but admirable instrument, to which they 
have given the name of calorimeter, or apparatus 
for measuring the relative quantities of fire con- 
tained in bodies; it is founded upon the following 
principles: 1. That if any body be cooled to the 
freezing point, and then exposed to an atmosphere 
of 88.25, it will be heated gradually from the sur- 
face inwards, till at last it acquires the same tem- 
perature with the surrounding air. 2. That if a 
Piece of ice be placed in the same situation, the cir- 
cumstances are quite different; it does not approach 
in the smallest degree towards the temperature of the 
circumambient air, but remains constantly at 329, or 
the temperature of melting ice, till the * portion 
of ice be completely melted: in other words, that 
ice absorbs all the fire communicated to it, without 
communicating it to other bodies, until the whole 
be melted; and, consequently, that we may calculate 
the degrees of heat communicated by the quantity of 
ice which is melted. 

This phenomenon is thus explained: To melt ice, 
or reduce it into water, it must be combined with a 
certain portion of fire: the whole quantity first com- 
municated, is fixed at the surface of the external 
layer of ice; this it dissolves, combining with it to 
form water; the next quantity combines with the 
second layer, and forms it into water; and so on sue- 
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; eczsively,. till the whole is dissolved and converted 
into water by being combined with fire; the last 
atom still remaining at its former temperature, be- 
cause the fire never penetrates so far, as long as any - 
intermediate ice remains to be melted. 

Upon these principles, if you imagine a hollow 
sphere of ice at 32”, placed in an atmosphere of 54 or 
555, and containing a substance at any degree of tem- 
rature above freezing, it will follow, 1. That the 
heat of the external atmosphere cannot penetrate 
into the internal cavity of the sphere of ice. 2. That 

the heat of the substance placed, cannot penetrate 
outwards beyond it, but will be stopped at the inter- 
nal surface, and continually employed in melting 
successive layers of ice, until its temperature is re- 
duced to 32, by having all the heat above that tem- 
perature carried off by the ice. 3. It the quantity of 
water within the sphere of ice during the experiment 
be carefully collected, the weight of the water will 
be exactly proportional to the quantity of fire lost by 
the body in passing from its orignal temperature to 
that of melting ice; it being evident, that a double 
quantity of fire would have melted a double quantity 
of ice; and that the quantity of ice melted is an ex- 
act measure of the quantity of fire employed to pro- 
duce the effect; and of the quantity lost by the 
only subtance from which it could be obtained. The 
foregoing supposition is only made to explain more 
readily the nature of the experiments and apparatus 
used by M. De La Place: an apparatus so contrived, 
1. That the ice absorbs all the fire disengaged from 
the bodies under examination. 2. That the ice is 
secured from the action of every other substance 
which might facilitate its fusion; and, 3dly, To col- 
lect with care the water produced by the fusion. 

The apparatus consists, as you see, of three cir- 

cular vessels, nearly inscribed in each other, plate 4, 

Fg. 12 and 13, $0 that three vacancics are produced. 
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The interior space or vacancy is formed by an iron 
grating _ the supports of the same metal; here it 
is that the bodies subjected to experiments are 
placed. The top of this cavity is closed by means 
of a cover: the middle space next to this is designed 


to contain the ice which surrounds the interior co- 


partment: this ice is supported and retained by a 
grate upon which a cloth is spread; in proportion as 
the ice melts, water flows through the grate and the 
cloth, and is collected in a vessel placed underneath. 
Lastly, the external place or copartment of the appa- 
ratus contains ice, intended to prevent the effect of 
the external heat of the atmosphere. For a further 
description of this apparatus, see page 361. 

To use this machine the middle or second space is 
filled with pounded ice, as is also the cover of the in- 
ternal sphere; the same thing is done with regard to 
the external space, as well as to the general cover of 
the whole machine: the interior ice is suffered to 
drain; and when it ceases to afford water, the co- 
vering of the internal space is raised to introduce 
the body, upon which the experiment is intended to 


be made: the covering is to be put on immediately, 


and the whole apparatus remains untouched until 
the included body has acquired the temperature of 
832”, or the freezing temperature of water, which is 
the common temperature of the internal capacity: 
the quantity of melted water afforded by the melting 
ice is then weighed; and this may be considered as 
an accurate measure of the heat disengaged from 
the body, because the fusion of the ice is the effect 


of this heat only. Experiments of this kind last 15, | 


18, or 20 hours. | 
It is of great consequence, that in this machine 
there should be no communication between the mid- 
dle, or second, and the external space. 

The air of the room should not be lower than 32, 
because the ice would then receive a degree of cold 
lower than that temperatpre, 
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As specific heat is the quantity necessary to raise 
bodies to the same number of degrees of tempera- 
ture; when the specific heat of a solid body is re- 
quired, its temperature must be elevated to a certain 
number of degrees; at which instant it must be 
placed in the internal sphere, and there leſt until its 
temperature is reduced to 32”: the water is then 
collected, and this quantity divided by the product 
of the mass of the body; and the number of degrees 
of its original temperature above 32”, will be pro- 

ional to its specific heat. 

Fluids are inclosed in vessels whose heat has 
been previously determined. The operation is the 
same as for solids; excepting that the quantity of 
water afforded, must be diminished by a deduction 
of that quantity which has been melted by the heat 
of the vessel. 225 

To determine the heat disengaged during the 
combination of different substances, they, as well as 
their containing vessels, must all be reduced to 32*; 
and then placed in the internal sphere, and the quan- 
tity of water collected is the measure of the disen- 
gaged heat. 
| To determine the heat of combustion and res- 
piration, as the renewal of air is indispensable in 
these two operations, it is necessary to establish a 
communication between the internal part of the 
sphere, and the surrounding atmosphere: to prevent 
error, these experiments should be made when the 
temperature of the air differs very little from the 


freezing point. 


For glasses, a current must be established 


the internal part of the sphere, and two thermometers 


are to be used; one at the place of introduction, and 
the other at the place of escape: by.a comparison of 
the temperatures exhibited by these two instruments, 
a judgment is formed of the heat absorbed, and the 
melted ice is measured. 
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METHODS OF MEASURING GREAT DEGREES 
OP HEAT. | 


As the degrees of heat can only be appreciated by 
its effects, and as fluid thermometers can only be 
used in temperatures below their point of boiling, 
various instruments bave been contrived to estimate 
the effects of heat: some of these have been already 
described; I shall now give you an account of one 
contrived by Mr. Wedgewood, for ascertaining the 
measure of the more intense degrees of heat. 

The substance he uses for this purpose consists of 
three parts of argillaceous earth added to two parts of 
the siliceous kind, which are well washed, &c. and 
then dried: this dry clay is softened by adding two- 
fifths of its weight of water, and is formed into pieces 


by compressing it through holes of proper dimen- 


sions in the bottom of a vessel; and when dry these 
pieces are exposed to the fire, and shew its intensity 
by the contraction of their dimensions, which are 
ascertained by a gage made of two straight pieces of 
brass twenty-four inches long, divided into inches 
and tenths; they are fixed on a brass plate, so as to 
be six-tenths of an inch asunder at one end, and 
three-tenths at the other; so that one end of the 


pieces, when properly sized, just fills the wider end: 
if this piece be diminished by heat one-fifth of its 
bulk, it will pa*s through one half the length of the 


gage; if diminished two-thirds, it will pass on to the 
narrower end; and in any intermediate contraction, 
the degree at which the piece stops against the con- 
verging sides will measure its contraction; each di- 


vision of the scale answering to süvth part of the 
breadth of the piece of clay. 
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Degrees. 
156 Common Chinese porcelain becomes soft. 
150 A Hessian crucible melted in a flag-like 2 
stance. 
130 Cast iron melts. 
125 Heat of a common smith's forge. 
124 Vitrification of plate-glass. 
114 Ditto of flint-glass. 
121 Bow china 
112 Derby china } vitrified. 
105 Chelsea china 
102 Stone ware fixed. 
95 Welding heat of iron. 
86 Queen's ware fixed. 
32 Gold 
28 Silver 
27 Swedish copper 
21 Brass 
O Red heat visible in the day. 


melted. 


Dr. Martine, to observe the quickness with which 
bodies heat and cool, put an equal quantity of mer- 
cury and water into two distinct phials closely 
stopped; and found, upon putting them into boiling 
water, that the mercury received heat much sooner 
than the water and in greater quantity, and lost it 
much sooner, notwithstanding its density; hence 
the temperature of mercury is more easily raised 
than that of water. To know the equilibrium of 
heat among various substances, experiments must 
be made upon them; as it varies irregularly, and 
several of the metals require less fire to heat them 
than water: thus the same fire heats lead twice as 
much as water, or lead loses and gains as 5 to 2; 

thus hcat water and lead to- the same point, and 
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then two cubic inches of water will produce as much 
heat in cold water, as five cubic inches of heated 
lead would do in the same quantity of water. Tin 
and glass require half the quantity, or as 4 to 2; 
iron requires the same quantity as water, copper 


 8#omewhat more: hence the intense heat of iron and 


copper when red-hot. On these principles, Dr. Black 
had a method of estimating high degrees of heat; 
for, having found that iron and water were heated 
equally by the same degree of heat, he took a piece 

red-hot iron of a determinate size, and plunged 
it into 100 times its bulk of water; and when the 
whole of the heat which was concentrated in the 
iron, was diffused through the water, he measured 
the heat of the water by a thermometer: this multi- 


phed by 100, gave the heat of the iron when red-hot. . 


Sir aa Newton thought that the progression 
with which heat is communicated or lost, 1s geome- 
metrical; Dr. Martine, that it is a compound of 
geometrical and arithmetical progression. Dr. Black 
thinks the method of making experiments to inves- 
tigate this progression, should be by streams of air 
and water passing off continually; thus the cooling 
cause would keep a constant equal progression; but 
if the cooling medium of air or water be stagnant, 


the case is quite changed: on this principle depend 


the phenomena of air, which in still calm weather 
seems warmer than in windy weather, though by 
the thermometer we find it the same: in calm wea- 
ther our bodies make a kind of atmosphere of their 
own, which 1s warmer than the surrounding atmos- 
phere. Air, when agitated, is not thereby made 


cooler; yet if you blow with a bellows on a piece of 


ice, it will melt sooner than-when not blown upon, 
because you blow away a small portion of air which 
the ice had cooled round it, 

As the methods of making experiments on high 


degrees of heat are of the utmost importance, I shall 
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333 
now lay before you the means used by the Rer. 
Mr. Jones ſor this purpose. His first attempt was 
with the instrument we used to exemplify the forco 
of ſire. To reduce its motion to the ordinary scale of 
Fahrenheit, this bar, E, plate 5, fg. 3, was included in 
2 brass box, and was heated, together with a mercu- 
rial thermometer, by the application of boiling water; 
and when it appeared by the index that the bar had 

acquired as much heat as the water would commu- 
nicate, the heat of the water was marked by the 
thermometer. By these means he discovered what 
number of degrees in the graduated arc, HI, answered 
to a certain number of degrees on Fahrenhezt's scale; 
as the motion of the index was not equable in all 
parts of the arc, he ascertained its irregularities by 
the micrometer screw and plate, 7. 

Two substantial iron heaters were made red-hot, 
and then applied in turn to the bar under examina- 
tion; and thus the degrees of heat, at which the 
several colours appear on the polished surfaces of 
brass and iron bars, were readily obtained. The 
foregoing method not carrying Mr. Jones so far as 
he wished to go, he then adopted another mode, 
founded upon this principle, that dense fluids ac- 
quire heat sooner than rare ones; water heats mer- 
cury more and quicker than mercury heats water. 
To render this evident, let us immerge these two 
thermometers, one made with spirits, the other with 

mercury: you see how sluggish the spirits moved, 
and how soon the mercury acquired its greatest 
degree of expansion: you may render this still more 
evident by plunging an heated iron into an open 
vessel of mercury; if you agitate the heated iron 
suddenly under the mercury, all the heat it is ca- 
pable of receiving is communicated almost instan- 
taneously. 

Mr. Jones supposes that the heats communicated 

do a given quantity of mercury by an immersion of 
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the same iron differently heated, will be to each 
other as the original heats in the iron itself. To ob- 
tain a datum, he first plunges a piece of iron, with a 
known degree of heat, into a given quantity of mer- 
cury, and observes the degree of heat communicated. 
Let us suppose, says he, the quantity of mercury in 
an iron vessel to be two pounds, the heated iron a 
cylinder weighing 274 grains: this cylinder having 
the heat of boiling water 2127 plunged into the mer- 

cury of the temperature of 527, will communicate to 
it 10 degrees of heat, which is r of that excess it 
had acquired: we say then, that let the excess of 
heat in iron be what it will, the heat communicated 
to the mercury will always be rs of that excess; 80 
that if we put# for the natural temperature of the 
mercury, & for the communicated heat, and æ for the 
heat required, it will be +16 Ar. This method 
was so easy that Mr. Jones preferred it to the former, 
with which however, to his great satisfaction, it 
agreed as far as it extended. In determining the 
degrees this way, it was always taken for granted, 
that the heated iron parts with all its excess of heat 
to the mercury, and that the distribution is so nearly 
instantaneous, that it may be taken for such without 
any material error. Some little time will inevitably 
be lost, and therefore the heat obtained by this me- 
thod of mercurial immersion, especially the greater 
heat near the extremity of the scale, will always be 
rather under than over-rated. 


A SCALE OF HEAT. 


| Fahrenheit's Degrees, 
Iron in fusion about ................ „„ OPTOIE EE TI 3000 
Iroh with the white sparkling heat of a smith's forge ...... 2780 
Iron with a heat almest White 12. ⁊⁊ 2080 
The heat of live coals without blowing, perhaps about. 1630 


Iron with a glowing red by day-light „„ „ „ „„ „„ „„ „46 1600 
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| Fabrenheit's Degrees. 
Tron just red-hot by day-light ........... n CLUES > 1120 
Tron just red-hot in the dark .............. „ . 1000 
Greatest heat of lead in fusion 820 
Colours of iron are burned off ..................-..-.-. 800 
Mercury boils, by some placed at 600, by W 700 
Polished iron takes a full blunnkt.. . 700 
Polished iron takes a purple... ꝗͥ ee 660 
Linseed oil boils, by some at GOO, ..............o cc x 620 
ok ⁵¼mwmw PET I POND CIDER Ie fav 610 
Poliched iron takes a straw colour .. . PO Pe et | 605 
Oil of vitriol boils.............. e 346 
Free oor db eee to fob edt 500 
. „ eee 490 
Tin-foil and bismuth ...... rn . 450 
Brass takes a copper colouʒn sve vo wdo oe 
Polished brass takes a gold colour en 340 
Spirit of nitre boĩls eee +++ ol 
Water boils at a mean state of the atmosphere 212 
Fresh human urine boĩ ls 3 3 206 
r . e 190 
! ² AA KK *. 176 
One pound of water of 352 to 3 pound of fresh chalk lime. 182 
One ounce of water of 347 to 3 ounce of oil of vitriol ..... »- 170 
Serum of blood and white of eggs harden ...... „ . 156 
— cane int .. ⁰·˙˙— ‚—rÜ²ß—.' ̃ ai 38 145 
Greatest heat of a bath which the hand can well bean 114 
Heat of the Serocco wind at Palermo, in Siciijß 112 
Heat of an hen hatching eggs, from 92 too 108 
Heat of the skin in ducks, geese, hens, pidgeons, 103 to ..., 107 
Heat of the human skin in an ague fever. .........------+ 106 
Heat of the skin in dogs, cats, sheep, and other quadrupeds, 

100 tkvoo0õ0o 3064 ee 103 
Heat of the human chin bs hott F 1 
Heat of a hive of bees A e e ba peat . 7 
Heat of the air in the shade in very hot weather 80 


Butter begins to melt 74 
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| Fahrenheit's Degrees; 
Temperate ........... Cat bis 3th . 35 
Oil of olives begin to stiffen......... Wo apr ayes hav 9 43 
Water just freezing, or ice just melting 32 
oO Þ © LON . A0 ONO PRIN 30 
Urine and common vinegar freeze .............. ooo 28 
Good burgundy, claret, and madeira free 20 
One part of spirit of wine, with three of brandy, freezes 7 
A mixture of snow and salt r Nn 0 
— -A CIT ONE . - 39 


Wich respect to the formation of this table, see 
Jones's Physiological Disquisitions; where you may 
also find a method of examining the scale by compar- 
ing the articles one with another.“ | 

In the foregoing scale the heat of boiling water 
in vacuo is placed at 95"; this, however, will depend 
on the perfection of the vacuum and other circum- 
stances. In the Rev. Mr. Jones's experiment, a 
heater was placed on the plate of the air-pump, and 
on this a light tin vessel holding the water and a 
thermometer. 'The ebullition in one experiment 
began to appear at 90 degrees, and as the boiling in- 
creased, the thermometer rose to 105 degrees, where 
it stood when the agitation was most violent; the air 
was admitted during this agitation, and the ther- 
mometer immediately rose 15 degrees. In another 
experiment, some water heated to 130 degrees was 
placed on the heater, and this being covered with a 
receiver, the air was. exhausted, on which the water 
boiled vehemently, but during the act of boiling, 
the heat subsided to 100, and at another to 94 de- 


* Mr. NMedgetuood places some of these degrees much higher, but 
I must own I am not satisfied with the clay thermometer, and think 


there must be further and more satisfactory evidence adduced, before 


any one can agree with the degrees of heat deduced from it. 
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grees, but on admission of the air, the heat presently 
rose to 130 degrees and upwards. 
These experiments prove what has been already 
observed to you, how much the action of fire de- 
pends on the re- action or pressure of the incumbent 
air. When the air is withdrawn, the fire naturally 
ascending, flows through the liquor in the vessel, as 
air would through a tube open at both ends. But if 
the farther end of this tube were closed, and the 
current of air still to continue, it would be con- 
densed or accumulated within the cavity of the tube. 
Hence we may collect, that the sun would heat the 
earth very inconsiderably, if it were not for the in- 
cumbent pressure on its surface, and that, therefore, 
it is impossible to calculate what the heat will be in 
bodies placed at different distances from the solar 
fire, unless we could tell how far air acted upon 
them at the same time. © 9 8. 
The higher we ascend, the less is the degree of 
heat; the atmosphere is less susceptible of heat as it 
is more rarefied: as the intensity of fire will natu- 
rally produce the greatest heats, the lower parts of 
the atmosphere ought to be hotter than the higher, 
where fire is less pressed, and has more room to di- 
late itself. - 

It will be necessary, before we proceed any far- 
ther, to make some observations on physical mea- 
Sures. Most of, our philosophical instruments are 
measures of effects. The progress made in natural 
philosophy increases every day by the number of 
these measures; by these it has reached its present 
state, and by these it still continues to be improved. 
In proportion as the different branches advance, our 


meters are multiplied. Instead of being satisfied — 


with perceiving, with conjecturing, with forming 
systems upon what is N called the possible, 
but which is in reality the land of visions; we now 
endeavour to investigate causes through their effects, 
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by measuring these wherever nature gives us a suff 


cient hold. 


The first rays of this light, the dawn of true Know 
tedge in philosophy, were extremely weak. Philo- 


— 'cofitented themselves with having instru- 


ments which indicated the existence of certain causes 
that our organs could either not discover, or disco- 
vered very imperfectly. Hence the modest names 
given to instruments by their first inventors; Tour 
called only baroscopes, thermoscopes, microsco 
the instruments which were intended to shew the 
weight of the air, the dilatation of bodies by | heat, 
_ objects which escaped the naked eye. 
These names were too soon changed, and that of 
measures given to instruments that were nat entitled 
to the name. Philosophers grow every day more 
delicate with respect to the requisite qualities of their 
instruments; the progress in perfecting these mea- 
sures is an effectual step towards the knowledge of 
nature. The improvements in the measures not 
only lead us to a better knowledge of the immediate 
causes of the effects thus measured, but they assist 
us also in decomposing complex effects. 

Indeed the greater part of physical instruments are 
intended only for the discovery of simultaneous ef- 
fects, by the knowledge of those which are most 
evident. If we wish for an hygrometer, an electro- 
meter, a photometer, it is not so much with a view 
of ascertaining by their means the absolute, or even 
relative quantities of moisture of the electric fluid, 
or of light, as to connect the . perceptible effects of 
moisture, electricity, &c. on our measures, with 
other less evident effects intimately connected with, 
or dependent on them. 

The general problem of physical measures is com- 
plicated. The first object of these measures is to 
ascertain the existence and agency of a simple cause, 
and its degrees of intensity: this we can MT arrive 
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at by its action on other bodies; but in this action 


or effect many other causes are included; We can- 
not observe simple effects; and, consequently, we 
cannot always conclude from sensible effects, which 
are equal among themselves, that the degrees are 
equal in the cause to which they are attributed. 
W hat, for example, do we use in general as mea- 
sures of heat? The dilatations of various substances. 
What are the measures by which we determine the 
weight of air) — The height of the mercury in the 
barometer. But the dilatation of bodies by heat 
depends upon the nature of the substance, its den- 
sity, its cohesion, the laws of its progression by 
equal augmentations of heat, &c. The effects of 
the weight of the air upon the mercury in the baro- 


meter, are modified by the different degrees of heat 


in this fluid, by the nature of the vacuum in which 
it is suspended, by the attraction, by the friction, 


perhaps by the permeability* of glass, to some 


particles of that mixed fluid, to which we give 
the general name of air, and to other unknown 
causes: so difficult and complex is even the first 
step of the ladder by which we endeavour to raise 
ourselyes to the knowledge of causes. | 


© OF FLUIDITY, &c. AS BXPLAINED BY LATENT 
| | HEAT, 


I have already observed to you, that all the sub- 
stances in nature are either solid, fluid, or in the 
form of expansible fluids; that these different forms 
depend — — on the state or combination of 
ſire in them, has, I think, been sufficiently proved 
by reason and experiment; but it will be rendered 
still clearer by a view of modern discoveries, which 
I shall now lay before you. W 4, 111 enten 
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S Sa, 24; 4:9 


2 become fluid 4 by the — of Non, 50 fluids 


preserve their fluidity by the fire they contain. 


In fluidity, there is a considerable quantity of 


dispersive or expansive matter introduced into the 
body, while the volume is not thereby increased. 
This introduced matter acts in another manner, 80 


as to oppose the agency which causes solidity, or 
resist the particular attachment of the parts. 


Liquifaction is a loosening the parts of bodies by 
a certain degree of heat, which parts are fixed and 
solid with a less degree. It is effected by intro- 
ducing fire between the particles, which separates 
them from each other, and oy its activity gives them 
a free motion among themselves. 

Fire is resident and active in all bodies, and at all 
times; but in order to render them liquid, it must 
act with greater or less force, according to the na- 
ture of the substance. We say of bodies naturally 


hard, when they become fluid, that they are melted; 


and of bodies naturally fluid, when they become 
solid, that they are congealed or-frozen; the effects 
are similar in each case, and you will be justified by 


Philosophy in considering all water as melted ice, 


and a of lead as a mass of congealed metal, 
The fluidity. of water is as real a fusion, as chat of 
any metals exposed to the fire, differing only in 
this, that a greater quantity 18 DECOR for one than 
the other. 

Liquifaction is a phenomenon, however, entirely 


distinct from the expansion or dilatation of a fluid 
already formed. This last circumstance only occa- 


Sions a greater or less degree of tendency in the par- 
ticles towards each other, and varies with every 
variation in the degrees of heat. Liquifaction is 

accasioned by a certain fixed degree. Liquifaction 
is a real change of state in the substance, the de- 


g! 
St 
de 
W 
fl 
Cl 
O 


$9 - of 


— Hy + 4 


as webs Fa > . Af 


— 


REF 


P ˙ . © 


ö 


BY LATENT HEAT. V 


grees of expansion are only modifications of the same 
state. In expansion, there is a regular increase or 
decrease of bulk, according to the degrees of heat; 
whereas in fluidity, the transition from a solid to a 
fluid, or vice versa, is sudden; and above or below a 
certain degree of heat, a body always remains fluid 
or solid.“ | 47 Sad wer | 

As nature is now constituted, natural bodies and 
their minutest parts. may be considered as floatin 
in an ocean of what the poet calls indefatigable fire; 
an element which is moved with the same vigour 
now as 5000 years ago; and the bodies sustained 
therein are hard or soft, solid or fluid, lax or firm, 
rare or dense, expanded or contracted, according to 
the changes in the temperature of this element, 
which keeps up a constant systole and diastole 
through the whole frame of nature. If this motion 
of fire were to cease, universal rigidity and stagna- 
tion would ensue; all the qualities of the ancient 
schools, all the attractions and repulsions of later 
philosophers, would be buried in one common grave, 
and fixed with an impenetrable seal. 


* Count Rumford, in his Essay VII. 1797, relates a variety of 
very curious and amusing experiments that he made, in order to as- 
certain the manner in which heat is propagated in fluids, and a 
remarkable law which has been found to obtain in the condensa- 
tion of water with cold, when it is near the temperature at which it 
freezes; and of the wonderful effects which are produced by the 

tion of that law in the economy of nature. e following are 
the heads of the results of his experiments. Air and water, and 
probably all other fluids, are not conductors of heat, heat being 
only propagated in them' in consequence of the internal metion of 
their particles, that it is only transported by them; and that che more 
rapid these motions, the more rapid the communication of heat; 
that these motions are produced by the change in the specific gra- 
vity of the liquid, occasioned by the change of the temperature 


and thus the rapidity is in proportion to the change of specific gra- 


vity of the liquid by any given change of the temperature. Furs and 
feathers, which in air form warm covering for confining heat, are 


Found also to produce the same effects in water; which probably 


* 
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It is impossible thoroughly to nodemand the me. 
| tamorphosis of solids into liquids, and of liquids into 
acriform fluids, without a knowledge of the doctrine 
of latent heat. Here you will learn that the same 
substance, according as it happens to be in any of 


these states, not only possesses a different specific 


heat, but modifies, even in the act of passing from 
one to the other, the matter of fire in a very parti- 
cular manner. 

To Dr. Black, the father of modern chemistry, 
we are indebted for this discovery, which I sball first 
explain in a simple form, and then further illustrate 
it by the 8 and experiments which are attri- 


buted to Dr. Blac 

Let us suppose a piece of ice cooled until a ther- 
mometer placed therein stands at 20" below the 
freezing point, expose this ice to a constant emana- 
tion of fire, arriving by my equal degrees, the ther- 
mometer will rise very uniformly till A comes to the 
freezing point, and will hens. stop, although the 


arise by obstructing the motion of their particles in transporting 

the heat, He discovers that heat cannot be. propagated — 
in liquids as long as they continue to be — — sed by cold. Ice 
melts more than 80 times slower when boilin ny water stood on 
its surface, than when the ice was placed to swim on the surface of 
the hot water. When water is cooled to be within eight or nine 
degrees of the freezing point, it not only ceases to be further con- 
densed, but it actually expands by farther diminutions of its heat; 
this expansion going on as the heat is diminished, as long as the 
water can be kept fluid, and, when changed into ice, it expands 
even more, and the ice floats on the uncongealed fluid. He proves by 
experiments, that water only eight degrees of Fabrenbeit above the 
freezing point, or at the temperature of forty degrees, melts as 
much ice in any given time when standing on its surface, as an equal 
volume of that fluid at any higher temperature, even that of boil- 
ing heat. Water at the temperature of forty-one degrees is found. 
| to melt even more ice when standing on its surface than boiling» 
hot water, EDir. 
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igneous emanation continues the same, and ought, 
apparently, to continue raising the temperature. 
Ibis current of fire which arrives unceasingly and 
by degrees at the ice, has no longer any sensible 
effect on the thermometer; for, as soon as the ther- 


mometer is thereby raised to the freezing point, the 


effect, of the fire is limited, and it only exerts itself 
in making the ice change its states, by converting it 
into water; and during the whole of this transfor- 
mation the thermometer remains stationary at 32*, 
the freezing point. | 
The fire in this case loses as it were the faculty of 
heating; yet the quantity employed, and apparently 
lost in this transformation, is so considerable, that if 
the thermometer under the same circumstances were 


placed in a similar quantity of water instead of ice, 


it would have risen near 120 degrees. : 
As soon as the fusion is completed, if the sam 
igneous emanation continues, the thermometer now 
actually in water, will be influenced by the fire as it 
arrives, and will rise successively, though somewhat 
slower than before, because the specific heat of 
water is a little greater than that of ice. | 

The thermometer continues to rise till it arrives 
at the boiling point, and here again the same phe- 
Nomena occur. Notwithstanding the continuation. 
of the igneous emanation, the thermometer remaing 
at 212 de , and the water now changes its state. 
It is — into an elastic fluid, and the portion 
of fire, which by its momentary union with the 
water effected its change, loses its thermometrie 
quality; and an exact equilibrium is established be- 
tween the afflux of additional fire and its efflux, by 
the conversion of water into an elastic vapour. 

The fire thus modified has been called latent. It 

is truly hidden or latent, but manifests itself again, 
and its action is rendered evident, if you reverse the 
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changes; that is, if you convert the elastic fluid into 


a a liquid, and the liquid into a solid. 


Dr. Black was the first who shewed that fluidity, 


though depending upon fire, did not depend upon 


the. quantity indicated by the thermometer, but 


upon the absorption and combination of fire with 


the substance rendered fluid; and the quantity thus 
absorbed he denominated latent heat, as being im- 


. perceptible to us, but ready to immerge on proper 


occasions, and assume a sensible form. By sensible 
heat, he means the fire which is so far in a fluctuat- 


ing state, that if you apply any substance which 


contains an excess of it to a cooler one, it quits the 
Hotter and flies to the cooler substance, so as to 
restore an equilibrium. You know very well, that 
as long as a body continues solid, if the heat thereof 
be increased, it is always perceptible by the thermo- 


meter: but if you suppose a body heated as much as 


it can bear, and still continue solid, then every degree 


of fire thrown in afterwards is absorbed and becomes 


latent, or is put into such a state as cannot be dis- 
covered by the thermometer, but goes to make the 
body fluid; and as soon as a sufficient quantity is 
absorbed to make every part fluid it will admit of, 


and manifest a sensible increase of heat. It was 


also observed by Dr. Black, that bodies are not dis- 
posed to absorb this latent heat, until they arrive at 
their melting point, nor fluids to part with it until 
cooled to a certain degree. If after this, they are 
placed still nearer cooler bodies, this latent fire con- 
tinues immerging, and the body becomes still more 


solid; when the whole is entirely extracted, the bod 


freezes. Hence, when the latent fire is extracted, 
the body is of the same temperature with the sur- 
rounding medium. each | 

This ben doctrine Dr. Black supported by a 


reference to phenomena, and by well designed exper 


r 


ness with which ice and snow melts when a thaw 
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riments. It is confirmed by considering the slow- 


comes on, and when the heat is far above the d 
of frost; for the ice is constantly surrounded with 
air warmer than itself, and receiving heat from it, 
yet it will be weeks in dissolving. If nothing more 
was neeessary to produce fluidity than the fire indi- 
cated by the thermometer, we might reasonably ex- 

t that after it begins to melt, one or two days 
would be sufficient to melt the whole. But, as it is 
so long dissolving; and its heat is not increased 
above the freezing point, nor the water that runs 
from it above 32 or 33 degrees, it is plain, that the 
heat or fire to which it is exposed must be absorbed 
and become latent. It is to this cause yon must 
attribute the preservation of ice in ice-houses, and 
that large masses of ice and snow remain at the to 
of mountains, where heat is considerably above the 
freezing point. | 

Dr. Black's experiments will, I think, convince 
you, that the fluidity of water must be attributed to 
an absorption of fire. To prove this, he endea- 
voured to determine the heat absorbed by ice during 
its liquifaction: this he obtained by observing the 
quantity of heat which was communicated by a mass 
of ice during its fusion, by the temperature of the 
air alone; and then inversely, by discovering the 
quantity of heat a mass of ice took from a quantity 
of water, by mixing known quantities of ice of a 
given temperature and water of a given heat toge- 


ther. Thus he took two Florence flasks of equal 


shape, size, and weight, cutting off their necks and 
part of their bulbs, that he might be able to intro- 


duce a thermometer. In one he put five ounces of 
ice, in the other, the same quantity of melted snow, 


nearly of the same temperature with the ice. These 
flasks were suspended by wires in the middle of a 
large room, to which nobody had access but himself, 
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and whose temperature was 47 degrees by a very 
sensible thermometer, which assumed the tempera- 
ture in half a minute; he found that in half an hour 
the mercury in the latter had risen six or seven de- 
„only a small quantity of ice was melted, and, 
though it had received near seven degrees of heat, 
yet it continued at the freezing point. The flasks 
were left all night; on returning in the morning, at 
about ten hours and an half from the commence- 
ment of the experiment, he found a piece of ice 
undissolved as big as a nut in the middle of the sur- 
rounding water, which by the thermometer, was 
eight degrees above the freezing point. 
From this we may calculate the degree of heat 
the ice t have received before it melted, re- 
on hes the air was at 47 degrees, observ- 
115 > the ice must have been receiving heat gra- 
d . | Foy Jet e 
— end of 10 hours and an half the thawed 
ice was just at the temperature at which the melted 
snow was at the end of half an hour; the melted ice 
must therefore have received seven degrees every 
half hour, so that in 10 hours and an half it must 
have received just 147 degrees. That the flask was 
continually receiving fire from the air was confirmed 
by a cold stream being perceived from the bottom of 
the flask; this was the air which had been applied to 
the flask; and had imparted its fire to it, and, being 
cooler and denser, preponderated. This shews, that 
the ice was continually receiving fire, though not 
sensible or manifested by the thermometer, which 
must therefore have been combined therewith, and 
become latent fire. DAT | 
The Doctor having before found, that a mixture 
of hot and cold water produced an arithmetical mean 
between them, he wt of a determinate quantity of ice, 
and put it into a Florence flask, and threw exact! 
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melted the ice instantly, and all at onde, proving 
thereby, that there is no difficulty in separating the 
particles of ice, if a sufficient quantity of heat be 
applied. But, upon examining the temperature of 
the mixture, it was found much lower than if cold 
water.about the freezing point had been used instead 
of ice; and that it lost the same quantity of heat, 
147 degrees, which the ice in the former experiment 
required to render it fluid; for in this it fell 68 de- 

ees below the mean; the ice absorbing so much 

re from the boiling water, that the mixture did not 
point to the mean as it would have done if cold 
water had been used instead of ice, but to that point 
which shewed that the ice, in order to become fluid, 
must have been combined with so much fire as 
would, if liberated, raise the thermometer 147 de- 
grees. These two experiments differ only in this, 
that one was made with warm air, the other with 
warm water. Again; if a pound of water at 32 de- 
grees be mixed with an equal quantity of that fluid 
at 172 degrees, the temperature of the mixture will 
be 102 degrees, the arithmetical mean between the 
warm water and the cold. But if a pound of ice at 
82 degrees be mixed with a pound of water at 172 
degrees, the temperature of the mixture will be 32 
degrees. Tr | | 

It appears clearly from this experiment, that ice 
and water, both being at 32 degrees, are very dif- 
ferently affected by fire; for, in the first of the two 
foregoing experiments, a quantity of fire which 
raised the thermometer 70 degrees, passed from the 
warm into the-cold water, and the temperature of 
this was increased 70 degrees. In the last experi- 
ment, a quantity which raised the thermometer 140 
degrees passed from the warm water into the ice, 
in consequence of which the ice was melted, but its 
sensible heat was not increased, the temperature of 
the mixture being at 32: so that in the process of 
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Equifaction, or melting the ice, 140 degrees of the 
heat are absorbed, not producing any effect upon 
the thermometer. These experiments, and the de- 
ductions from them, are further confirmed by shew- 
ing, that a quantity of heat emerges from water when 
it passes from a fluid to a solid state, which can onl 
arise from the latent fire. FA 
If you expose water to freeze, putting a thermo- 
meter into it, the water being 20 degrees warmer 
than the air, it will lose a great many degrees during 
the first five minutes, less the next, and so on; in 
half an hour, if the air be below the freezing point, 
it will have attained the temperature of the air, and 
you would suppose that in two or three minutes all 
of it would freeze, which would be the case if it de- 

ded on a diminution of thermometric fire; but it 
is not the case, for you will find at first a small part 
of it freezing, and gradually increasing in the con- 
gelation: during this time the water will continue 
at 32 degrees, which is perhaps one or two degrees 
above the temperature of the air to which it may be 
exposed. Now, as a colder body, if it be applied to 
a warmer one, will soon become of the same tempe- 
rature with the air to which it is exposed; we can 
only attribute the water not becoming of the same 
temperature with the air to which it is exposed, to 
the latent fire emerging and manifesting itself only 
as soon as any particle of the water freezes; and as 
soon as this is all exhausted, the mass becomes solid, 
and of the same temperature with the air. 

If water be at rest, it may be cooled 7, 8, 9, or 
10 degrees below the freezing point without bein 
congealed; but if touched with a bit of ice, the en 
of a wire, or if the vessel be agitated, the congela- 
tion pervades it like a flash of lightning. Mr. Mairan 
exposed small drinking glasses full of water, these 

were cooled below the freezing point, and yet would, 
if left undisturbed, remain so, but upon being agi 
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tated froze immediately. If a thermometer were put 
into the water during the freezing, the moment it 
was frozen, it rose up to the congealing point, a 
quantity of latent fire emerging from. the water. 
Here you see a quantity of latent fire emerging 
suddenly, and the experiment shews, that this does 
not altogether depend on the diminution of sensible 
heat, since we find the water retains its fluidity, 
though cooled seven or eight degrees below the 
freezing point. / a 
Ihe fire absorbed by the water when it acquires 
fluidity, is again separated by congelation. If a 
pound of water at 32 degrees be mixed with an equal 
uantity of ice at two degrees, nearly one-fifth of 
the water will be frozen, and the temperature of the 
mixture will be 32: it is therefore plain, that by the 
congelation of nearly one- fifth of a pound of water, 
a sufficient quantity of fire was extricated to raise a 
pound of ice 30 degrees; and by calculation you will 
find, that the heat which is extricated by the conge- 
lation of water, is precisely equal to that which is 
absorbed by the melting ice. wore” del 3 
The heat extricated in the freezing of water, shews 
why that fluid, when it is exposed to a degree of 
cold lower than 32 degrees, and is at the same time 
gently agitated by the wind, ceases to cool as soon 
as it arrives at the freezing point, the temperature 
thereof continuing stationary until the whole is 
congealed; it being well known, that 32 degrees is 
the point at which water in a gentle state of agitation 
becomes solid. When, therefore, it is reduced to 
that point, it begins to freeze, and part with its fire; 
and as the extrication of fire in this instance depends 
upon the congelation, it is clear, that the quantity 
of fire extricated will be in proportion to the quantity 
of water congealed. BY, | 
In other words, if when melted it is allowed to 
cool slowly with a thermometer immersed in it, you 


Fa 


350 or LATENT HEAT. 


will find, that as long as it continues fluid, the sen- 
'$tble heat diminishes. very fast, but as soon as it 
begins to grow solid, the sensible heat continues 
greater than that of the air to which it is exposed; 
and during all this time it is communicating heat to 
the air, without having its sensible heat diminished: 
the latent fire within the fluid gradually manifests 
itself, and by keeping up the temperature, proves a 
sourse of sensible heat which is communicated to 
the neighbouring bodies and surrounding air. 

Dr. Irvine has shewn, that when spermaceti and 
wax are melted they contain latent fire; for by heat- 
ing them much above their point of fluidity, he found 

they lost their heat very soon, till some parts became so- 
lid; after this they continued of exactly the same tem- 
perature till the whole became solid, though ex 
all the while to cold air; but when all became solid, 
they cooled as they did at first. Spermaceti absorbed 
from 141 to 148 degrees to become fluid, wax 175. 
He put a certain quantity of melted tin into water, 
and an equal quantity of tin heated to the same de- 
gree, but not fluid, into a like quantity of water, 
and the water was heated most by the melted tin, the 
latent fire emerging therefrom. " 

If the nitrous acid be mixed with ice or snow, 
there will be a sudden liquifaction. Mixtures in 
general promote liquifaction, and in this instance 

most intense cold is produced, which is easily ex- 
plained on the foregoing principles: if you liquify 
ice, you must throw in a prodigious quantity of fire, 
which immediately becomes latent in the liquid, and 
is not discoverable by a thermometer. By producing 
"a sudden liquifaction of ice, the cold is so great, 
that all the neighbouring bodies must communicate 
ol their fire to supply that which is to become latent 
by the liquifaction, and thus generate the cold we 
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The principle of latent fire explains also the” eu- 
rious phenomena of artificial cold, produced” in the 
mixture of snow, water, and salt, as every body 
which passes from the solid to the liquid state ab- 
sorbs a quantity of fire which does not affect the 
thermometer; hence cold is produced in the dis- 
solution of all the chrystallized salts. The fire being 
combined with the particles to keep the mixture 
fluid, and being only exerted rn the mixture 
becomes sensibly colder. 

Upon these principles you may account for the 
large quantities of ice which remain on the surface 
of the earth some days after a thaw has commenced; 
for though each piece of ice is affected by the 
warmth of the atmosphere, and the influence of 
the sun, it cannot be immediately melted thereby, 
the ice absorbing gradually all the fire eommuni- 
cated to it, till it has received sufficient to maintain 
itself in the form of water. In the same manner 
you see, why the ice in ice-houses is not melted, 
which it would be, if all the fire which it received 
acted upon it to raise the temperature; which it 
does not do, being absorbed, contribute to its ex- 
istence as water, and losing therefore its diffusive 
action 
Dr. Crawford shews us, that by the lee of ab- 

sorption and extrication of fire, Divine Providence 
has wisely guarded against very sudden vicissitudes of 
heat and cold upon the surface of the earth; + 
For if fire were not extricated by the process of 
congelation, all the waters which were exposed to 
the influence of the external air, when its _—_— 
2 reduced below 32 degrees, would speedily 
me solid; and, at the moment of congelation; 
the of cooling would be as rapid as it was 
before Ne air arrived at that point. 
But as soon as the atmosphere is cooled below 
32 degrees, water begins to freeze, and at the same 
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time to give out the fire oombined with it; and, 
consequently, whatever may be the degree of cold 
in the external air, the freezing mass remains at 32 
degrees, until the whole is extricated and congealed; 
and as the quantity of fire that is liberated in the 
freezing of water is considerable, the progress of con- 
bea in large masses is very slow. 

Hence in the northern and southern regions, 
upon the approach of winter, a quantity of A. is 
extricated from the waters proportional to the d 
of cold that prevails in the atmosphere; thus Cx 
severity of the frost is mitigated, and its progress re- 
tarded. And it is highly probable, that during the 
retardation of the cooling process, the various tribes 
of animals and vegetables, which inhabit the cir- 
cumpolar regions, acquire the power of resisting its 
influence. 


On the other hand, if on the melting. of ice a 


quantity of fire was not absorbed and rendered less 
active, that substance, when exposed to a medium 
warmer. than 32 degrees, would speedily become 
fluid, and the progress of heating would be as rapid 
as if no alteration in the form had taken place. If 
things were thus constituted, the vast masses of ice 
and snow, which are collected in the frigid zones, 


would, upon the approach of summer, suddenly dis- 


solve, and the regions near the poles would be an- 
nually overflowed by violent inundations. 

But by the operation of this law of the absorp- 
tion. of fire, when the ice. and snow. upon the re- 
turn of spring have arrived at 32 degrees, they 
begin to melt, and at the same time to imbibe fire, 


which by being combined with the water does not 


act, externally; so that the earth is slowly heated, and 
those gradual changes are produced which are essen- 


tial to the preservation of the a and — 
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The mind of man admits with reluctance the 
truth of every testimony concerning matters of fact, 
which happen to be repugnant to the uniform expe- 
rience of his senses; hence the general backwardness 
to believe the miracles in the Bible: and hence the 
Dutchman, who informed the king of Siam, that 
water in his country would sometimes in cold wea- 
ther be so hard, that men walked upon it, and that 
it would bear an elephant, was esteemed a person 
unworthy of credit. Hitherto, says the king, I 
have believed the strange things you told me, be- 
cause I looked upon you as a sober man, but now I 
am sure you lie. | 

Mahine, the native of Borabora, could scarcely 
be persuaded, even by the information of his senses, 
of the reality of the same effect. The appearances 
of white stones, as he called hail, which melted in 
his hand, was altogether miraculous to him; and 
when he had been, with difficulty, convinced, that an 
extensive field of ice was not common land, he was 
determined, at all events, to call it white land to 
distinguish it from the rest.* 

This determination of the savage was made in 
the true spirit of philosophy, for ice in small par- 
ticles is a species of earth, and in solid masses it 
may be considered as a species of transparent stone. 
The waters, says Job, speaking of the effect of frost, 
are hid as with a stone; that is, water, when it be- 
comes ice, conceals its nature by assuming a stone- 
like hardness and consistence. The Russians applied 
ice to the same purposes with stone, at the marriage 
of Prince Gallitzin, in 1739: an house, consisting 
of two apartments, was built with large blocks of 
ice; the furniture of the apartments, even to the 
nuptial bed, was made of ice; and the icy cannon 


| * Watson's Chemistry. 
vol. I. N 4 


334 FINAL CAUSES, 


and mortars, which were fired in honour of the 
day, performed their office more than once without 
bursting. | | 

Having already told you, that I consider religion 
as the firmest and only support of the happiness of 
man, you cannot be surprized that I take every op- 
eee to fix your attention upon objects that 

d you to its Author, and consequently the consi- 
deration of final causes is continually interwoven 
with these Lectures. | 

The arguments for the being and providence of the 
Deity, deduced from the clear marks and signatures 
of wisdom, power, and goodness in the constitution 
and government of the world, will gather strength 
as your knowledge adyances. When you attend to 
the marks of good contrivance, which appear in the 
works of God, every discovery you make in the con- 
stitution of the material and intellectual system be- 
comes a hymn of praise to the great Creator and Go- 
vernor of the world. 

Though no man ever called in question the prin- 
ciple of final causes, when applied to the actions 
and discourses of men; for this would have been 
to deny that we have any means of discernmg a wise 
man from an idiot, or a man that is illiterate in the 
highest degree, from a man of knowledge or learn- 
ing; yet in all ages there have been those who, 
being unfriendly to religion, have denied the force of 
the proof: but you may depend upon it, that none 
will reason 80 dts; but the philosophers of va- 
nity, in whom the affectation of wisdom joins the 
extremity of folly. | | 5 

Fix upon two or three subjects which are clear 
beyond dispute, as that the eye does not see by ac- 
eient, but was contrived for seeing, &c. and you 
answer all the atheists that ever were or will be; for 
you prove, by a single step of reasoning, that there 
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15 a divine mind or wisdom that hath wrought with a 
'view to certain ends, which it hath attained in the 
most perfect manner. 
Leaving these men, let me introduce you to a 
philosopher of a neighbouring nation,* who to 
soudness of judgment, joins strength of genius. 
Let us hear him speak on this interesting subject. 
J love, says he, to enumerate in my mind the im- 
ressions that I every where find of a beneficent 
nd; I am ignorant how it formed the world, but 
I do not make my happiness consist in Satisfying 
curiosity about an object evidently surpassing the 
reach of human ability. I love to feel, that I am 
not left to be the sport of blind causes, without re- 
source against the fear of evil, without any certainty 
of the duration of | 
The immediate and a consequence of each 
8 of attention to the phenomena of nature, 
is infinitely more delightful to my mind, than 
that which I receive by the solution of a physical 
problem. It is a pleasure that penetrates to the in- 
timate essence of the soul; it is a kind of delicate 
love, or rather it is the supreme degree thereof, be- 
ing excited by the contemplation of that Being who 
is goodness and beauty, and which taketh possession 
of the heart, fills it with gratitude, admiration, and 
Let us accompany this philosopher in his 
meditations on a subject, which has already made 
part of this Lecture. I had made, says he, the ther- 
mometer my particular study, and in the course 
thereof, I . endeavoured, among the fluids in 
use, to find one whose dilatations are the most 
proportional to the augmentation of heat which oc» 
casions them. | 


„M. De Lacs Lettres Phisiques et Morales zur L Histoire de la 
Terre, p. 109. t 
2 


336 M. DE LUC's THERMOMETRICAT, 


This question would not have occurred, if the di- 
latation of each fluid, though different in quantity, 
had been proportional in its progress. This was 
found clearly not to be the case, by comparing the 
march of a spirit thermometer with one of quick- 
silver. The comparison shewed that their march 
was 80 different, that they could not be made to 
correspond together, otherwise than by making the 
degrees of the one unequal, while those of the other 
were equal. They must go on in an increasing pro- 
gression, beginning at the bottom and 8 to 
the top of the spirit of wine thermometer, but from 
the top to the bottom of that of quicksilver. 

As there was a different march in their progres- 
sion with the same augmentation of heat, it was 
clear, that one or the other was not proportional 
to the augmentation of heat. From hence a doubt 
originated, whether there was any fluid which di- 
lated in proportion to the degrees of heat. In a 
course of experiments to ascertain this point, by 
comparing the march of different fluids with that 
of mercury, I was struck, says our author, with the 
disproportion between the progression of water and 
that of other fluids. If you divide into 800 equal 
parts, the augmentation in the bulk of water and 
mercury in passing from the freezing to the boiling 
point, and if you compare the corresponding de- 
grees of this augmentation in each fluid, you will 
find, that from the heat of melting ice to the greatest 
degree of heat which reigns on the surface of the 
earth, when vegetation commences, which. I sup- 
pose 10 degrees of a thermometer divided into 80 
parts, the mercury undergoes 100 of these 800 
parts, and the water only two. That from this point, 
to that which reigns only in summer, that I su 
pose to be 25 degrees, the mercury dilated itself 150 
of the 800 parts, water only 71; so that in the great 
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heats of summer mercury has acquired 250 of its 
800 parts of augmentation, water only 73. Thus 
water does not assume in its dilatations, degrees 
proportional - to the augmentation of heat, the first 
degrees being very small when compared to the last. 
This was, without doubt, a very interesting phe- 
nomenon. Having reflected upon the cause, Dames 
an hypothesis, and endeavoured to verify it by an 
experiment which succeeded, I received, I believe, 
as much pleasure, as physical speculation can give. 
I have published the history of this research, but 
of the pleasure I received, I have only a feeble re- 
membrance. 

Having, however, one day considered, that water 
is the fluid most generally diffused in our globe, that 
all substances contain it, that it is the vehicle of all 
vegetable and animal nourishment, that it is included 
in all the vessels that convey their food; that in all 
these respects, if it had been a turbulent fluid, rapid 
in these lower dilatations, the whole constituion of 
things would have been overturned: when this oc- 
curred, my mind was filled with admiration, I felt 
myself in possession of a real treasure, and I never 
think on the subject but with the utmost delight. 

Do not then suffer yourselves to be deprived of 
these delights; the search after truth can only be 
salutary to you, when considered as proceeding from 
a first intelligent and beneficent cause: without this 
as an object of pursuit, she loses her most striking 
beauties, all that can interest curiosity, or animate 
investigation. 

When you consider the processes in nature, from 
the most obvious effects to their most remote causes, 
so far as they fall within the scope of our compre- 
hension, you find them one produced from the other 
in the most wonderful and regular succession; that 
which appears the cause of one thing being the ef- 
ſect of another, and the whole together and each 
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individual dependent in themselves, incapable of 
producing anything except as acted upon by others; 
all speaking the same language; an incapacity, an 
absolute inability in themselves of doing or causing 
any thing, and pointing you to a cause, distinct from 
all, an intelligent, active, powerful Being, who em- 
3 them for wise and gracious 

hus, a little attention to the nature of religion 
will soon convince you, that infidelity and irreligion 
afford very few topics, on which a reflecting mind 
can dwell with pleasure, even for a moment. You 
will find that infidels have not one argument on their 
side. For, with all their pretences to reason and 
wisdom, they can no more shew you, that you are 
not immortal, than they can shew you what was 
doing before the creation of the world. In sup- 
posing that the whole of your existence ends with 
—_ body, they are as well supported, as they would 

„ In supposing that there are no beings but what 
are visible to our eyes. In supposing that man will 
never be "called to an account, they have no more 
reason, than you can have for supposing, that there 
will be nothing a thousand years hence. 

Yet these are the strong foundations of infidelity 
and prophaneness; these are the solid principles of our 
50t-disant philosophers and their deluded — 

If you inquire into the characters of the most 
noted infidels, you will find them to have been men 
who exceeded their fellow creatures in nothing but 
arrogance and presumption, and that infidelity in 
general is founded on an implicit faith in the writin 
and opinions of men of wanton and sensual minds. 
Yet these are the men who call our faith mean, and 
submission to revelation slavery, though yielded only 
to the highest evidence on matters of the greatest 
moment. AD pats | . 
These men are very forward to tell you precisely 
what God can or cannot do; he cannot work a mi- 
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racle, cannot give a revelation, cannot guide the 
motions of a free agent, nor make such a one im 
cable, nor annex rewards to an assent of the mind, 
nor, &c. &c, For all these are contrary to the na- 
ture of things. If you ask what things they mean, 
or what by the nature of them, they will not vouch- 
safe, or rather cannot give an explanation, but are 
angry with you as a captious person for putting the 
question. They stillz however, go on to lay a mighty 
stress upon these words, without having any clear 
or settled idea of their import. These men are 
severe upon others for using expressions they do 
not understand. But, believe me, you will con- 
stantly find them pretending to build demonstra- 
tions upon principles, whereof they have no clearer, 
nor more adequate ideas, than the vulgar, whom 
they affect to ridicule, have of their mysteries; and 
you will find them always endeavouring to make a 
constant repetition of positive assertions pass for proof 
and explanation. 
They wish to be considered as unbelievers, but 
on examination you will find them men of the most 
resigned and implicit faith. The creed of the in- 
fidel has as many articles as that of the christian, 
and the belief thereof requires a much greater sus- 
pension of your reason. If to believe things upon 
no authority, or without any reason, be a sign or 
mark of credulity; of all men, the free-thinker and 
infidel will be found to be the most easy and credu- 

lous. The difference between the christian and the 
deist, does not consist in this, that the one assents to 
things unknown, and the other does not; but in this, 
that the christian assents to things unknown, on the 
account of evidence; the other assents to things un- 
known, without any evidence at all. 

Religion requires a serious and wise use of your 

reason, and can only recommend itself to you when 
you are in a disposition to reason and think soberly, 
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and consider it as the most serious, important, and 
sacred subject in the world. It is not the deist's 


business to reason soberly, and consider the weight 


and moment of things with exactness: idle stories, 
rude jests, and lewd inuendoes serve the purpose of 
infidelity much better than any arguments it has yet 
discovered. They not only confuse and distract the 
mind, but they also gratify and engage the atten- 
tion of immoral men, by affording them what they 
deem an easy confutation of religion. 

The objections of infidels are weak, and can have 
little force but upon depraved minds, or on those 
whose understandings are naturally weak, or made 
so by an implicit resignation of their faculties to 
writings which can neither improve your mind, pu- 
rify your heart, exalt your virtue, or increase your 
wisdom. | . 

To doubt cautiously, till you have examined fully, 
and retain your assent till you have seen clearly, are 
proofs of reason and force of mind. But to doubt 
without any reason of doubting, 1s as great a defect 
as to believe without any reasoh of believing. Both 
extremes proceed from an excess of imagination, 
which disordering the intellectual eye, deludes the 
credulous to see what is not, and blinds the infidel, 
so that he does not see what is. There is a funda- 
mental maxim closely connected with these obser- 
vations, and that cannot be too strongly inculcated 
on your minds; fot want of attention thereto, weak 
reasoners have imposed upon themselves, and de- 
luded others. Many things may be incomprehensible, 


and yet demonstrable; and though seeing clearly be a 


sufficient reason for affirming, yet not seeing at all 
can never be a reason for denying. We see many 
things must be, but we cannot conceive how they 
are. We see the connection between some truths, 


but not between all; we see a part, but not the 
whole; we see some attributes and modes of things, 
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but we do not see their intimate essence. Nature 
abounds in mysteries, of which we may have a 
certain knowledge, but no clear conception; some 
are too large for imagination to grasp, some too 
minute for it to discern, others too obscure to be 
seen distinctly, and others, though plainly discerna- 
ble in themselves, yet remain inexplicable in the 
manner of production, or appear incompatible with 
one another. 


LAVOISIER'S CALORIMETER. 


Plate 4, fig. 12 and 13, is a perspective representa- 
tion of 33 s calorimeter, the former figure bein 
a vertical, and the latter an horizontal section; 1 

Fe. 13, the interior cavity into which the substances 


are placed, it is composed of a grating, or cage of 


iron wire, supported by several iron bars; bb, fig. 13 
and 14, the middle cavity to contain the ice to be 
melted; this is supported by the grate mm, under 
which is placed the sieve an. These two are repre- 
sented separately at fig. 15 and 16. In proportion as 
the ice is melted, the water runs into the conical fun- 
nel c cd, fig. 13. This water may be retained or let 
out at pleasure by the stop-cock uy. The external 
cavity aaa, fig. 13 and 14, is filled with ice, to pre- 
vent any effect from external heat on the ice in the 
cavity ; fig. 17, is the lid to cover the machine. 
The substances to be operated on are placed in the 
thin iron bucket, fg. 18, the cover of which has an 
opening fitted wick a cork, into which a small ther- 
mometer is fixed. When acids are used, they are 
put into a glass vessel » Jig. 19, which has also a small 
thermometer fitted to its neck, and is also supported 
by the small ring, #g. 20. Fig. 21 and 22, are the 
exterior cavity and lid, represented separately for the 
Sake of distinctness. 
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LECTURE IX. 


OF FIRE, CONTINUED. 


So great is the power, so extensive the action, and 
so wonderful the manner wherein fire acts, that it 
was anciently held and adored as the supreme God 
by a nation reputed the wisest of all others. Thus 
some of the chemists, having found its extraordinary 
force, took it for an uncreated being, and many 
among them attributing all the knowledge they had 
acquired to this instrument, called themselves the 
philosophers of fire, thinking they could not be dig- 
nified by a higher title. 

The phenomena of fire are so singular, and its 
effects are so astonishing, as not easily to admit a 
comparison with other appearances in nature; and 
if ever understood, it will be by means of experi- 


mental investigation. Of this you will have a proof 


in the next subject of our discourse, which is on 
evaporation. | 

Heat and cold, says Lord Bacon, are the ve 
hands of nature with which she chiefly worketh, the 
one contracting, the other expanding bodies, so as 
to maintain an oscillatory motion in all their parts. 
So serviceable are these changes, that they are pro- 
moted every year, every day, every hour, every mo- 
ment; all things co-operating to this work, night and 
day, light and darkness, summer and winter. 
That a small increase of heat expands air, and that 
it is hence in continual motion, will be proved by 
this simple instrument, which at the same time gives 
you ocular demonstration of the unintermittin 
agency of fire on air, by shewing you that this flui 
is never at rest, but incessantly vibrating. | 
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This instrument is nothing more than a Florence 
flask, containing about two ounces of spirit of wine, 
furnished with a tube four or five feet long, of a 
small bore; the lower end of the tube is dipped 
below the surface of the liquor, but not so as to 
touch the bottom; a graduated scale is annexed to 
the tube. The juncture of the neck is made air- 
tight by a collar of metal and hard cement. 'The 
quantity of air being so large, and the tube so small 
and long, you have a curious thermometer, which 
if exposed at an open window will never be at rest, 
shewing you, that the temperature of heat is con- 


tinually changing with every breath of air and pass- 
ing cloud. e 


OF EVAPORATION, 


According as the texture and density of fluids 
vary, the passage of fire through them is more or 
less retarded: hence as fire, in escaping, carries off 
a portion of the fluid with it, some fluids are more 
disposed to evaporate or fly off in a vapour, than 
others; those are called volatile, whose particles fly 
off with a small degree of heat. 

This general effect of fire cannot have escaped 
your notice, as it is observable in the most common 
occurrences of life. You continually see water 
going off in the form of vapour from a tea-pot, a tea- 

ettle, &c. If you put a small quantity of water into 
a tea-kettle, and place it on. the fire, it will disa 
pear in a short time, having escaped in the form of 
vapour. This vapour or steam will, upon the addi- 
tion of more heat, if it be not allowed its proper 
range, expand with such force as to burst the vessel 
in which it is confined. f 

If the steam of boiling water be at liberty, the wa- 
ter never attains more than a certain degree of heat; 


but if it be confined in a close vessel, the additional 
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fire not escaping, the elasticity of the steam is in- 
creased, it re- acts upon the water, raises the heat so 
much higher that it may be made to keep lead in 
ſusion, and so penetrating, that it will soften in a 
few minutes the marrow-bone of an ox. 

The instrument contrived for the foregoing pur- 
poses, plate 5, fig. 6, is called Papin's digester, from 
the name of its inventor, and from its penetrating 
and dissolving the substances that are exposed to its 
action. It is a strong vessel usually made of copper, 
and fitted with a thick close cover, which is fastened 
down by several screws, so as to be steam-tight in 
great degrees of heat. To render it safe when used, 
there is on the cover a valve to let out the steam 
when too violent; this valve is kept down by a steel- 
yard, and a weight moveable upon it, to regulate 
the degrees of strength of the steam within. 

ABCD the copper or iron vessel. AB the co- 
ver fastened tight down by the screws. At E is the 
conical valve which is kept down by the steel- yard 
G H, and acted upon by the weight, I. 

The following. account of an accident with one of 
these instruments, will give you some idea of the 
force of steam: Mr. Papin having fixed all things 
right, and included about a pint of water with two 
ounces of marrow-bone, he placed the vessel hori- 
zontally between the bars of the grate, about half 
way into the fire; in three minutes he found it 
raised to a great heat, and perceiving the heat in a 
very short time become more raging, he stepped to 
the side-table for the iron wherewith he managed 
the digester, in order to take it out of the fire, when 
on a sudden it burst, as if a musket had gone off. 
A maid that was gone a milking, heard it at a con- 
siderable distance, and the servants said it shook the 
house. As he had foretold, the bottom of the vessel 
that was in the fire gave way; the blast of the ex- 
panded water blew all the coals out of the fire over 
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the room, the remainder of the vessel flew across the 
room, and striking the leaf of a table made of inch 
oak plank, broke it all in pieces, and rebounded 
half way of the room back again. He could not 


perceive the least sign of water, though he looked 


carefully for it; the fire was quite extinguished, and 
every coal black in an instant. | 

If a drop of water be placed on the bottom of an 
exhausted receiver, it will suddenly disappear, and 
be converted into a subtile vapour, which will fill 
the vessel, and its pressure against the internal sur- 
face will be so strong, when heated to a certain de- 

e, that it will be almost impossible to confine it, 
and it will often burst the vessel with a loud explo- 
sion. This effect of vapour is sufficiently and rea- 
dily exemplified by the small machines called candle- 
balls. This great expansion of the vapour is the 
true cause of the danger of throwing water into 
boiling oils or upon melted metals, more especially 
brass or copper; the water, being a heavier fluid 
than the oil, falls to the bottom, where it is imme- 
diately converted into vapour, and causes a violent 
ebullition. A small quantity of humidity, when 
mixed with hot metals, will be converted into vapour 
with such rapidity as to produce a more violent ex- 
plosion than gun-powder; hence the _—_ in cast- 
ing copper or iron vessels; for, if the fluid metal 
meets with the least moisture in its passage from the 
furnace to the mould, the watery particles are in- 
stantly expanded, and throw the burning metal to a 
considerable distance. f 

If a quantity of water be thrown into an iron ves- 
sel heated red-hot, it will run about the vessel like 
quicksilver, but without touching the bottom or 
sides, being converted into vapour, which prevents 
its coming in contact with the vessel. 

The eolipile, or wind-ball, is an instrument which 
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exhibits in a pleasing manner the generation and 
force of steam. 

It has a long narrow neck, with a small aperture, 
through which the steam rushes with great violence 
in the form of a factitious wind, which will blow and 
brighten a fire, put out a candle, and feel like a 
strong blast when received upon the hand. 

It is sometimes placed on a small carriage, plate 5, 
Ig. ö, a cork is thrust into the extremity of the pipe; 
when the vapour has acquired sufficient strength to 
force out the cork, it rushes out violently one way, 
while the ball and carriage are carried the contrary 


Way. 
The steam of boiling water is employed as a me- 
chanical force to the steam engine, of W wonder- 
ful effects no one can be entirely ignorant. 
One of these engines was repairing at Chelsea, 
and as the workmen were busy about it to discover 
the defect, the barrel burst on a sudden, and a 
cloud of steam rushing out of the fracture, struck 
one of tbe workmen, and killed him in an instant, 
like a blast of lightening; his companions hastened 
to his assistance, but when they endeavoured to take 
off his cloaths, the flesh came off with them from 
the bones. A further account of this engine will be 
given in the process of these Lectures. 

The force of the vapours of spirit of wine has oc- 
casioned terrible accidents when the worm has been 
stopped, and the head of the still absurdly tied down 
to prevent an explosion. The vapours of mercury 
have burst an iron box, and those of sal ammoniac, 
nitrous acid, &c. &c. have all been known to burst 
the chemical vessels which confined them, and with 
such force as to endanger those who stood near them. 
In short, there is no substance whatever capable of 
being reduced into a state of vapour, but what in 
that state is endowed with an elastic force capable of 
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becoming superior to any obstacle that can be 
thrown in its way. 1 5 

Evaporation is not confined in its use to a few 
mechanical engines, but extends to various arts; and 
is also one of the great natural processes by which 
the vegetable kingdom is supplied with the rain ne- 
cessary for its support. ; 

In chemistry, this operation is used for separating 
two substances from each other, of which one at 
least must be fluid, and whose degrees of volatility 
are very different. By these means, you may obtain 
a salt which has been dissolved in water in its con- 
crete form; by heating, the water is combined with 
fire and rendered volatile, while the particles of salt, 
being heavier and less volatile, are left behind and 
unite 1n a solid state. As, during the evaporation 
the fluid carried off by the fire is entirely lost, being 
sacrificed for the sake of the fixed substance with 
which it was combined, this process is only em- 
ployed where the fluid is of small value, as water. 
When the fluid is of more value, the chemists have 
recourse to distillation, in which process they pre- 
serve both the fixed substance and the volatile fluid. 


OP EBULLITION AND EVAPORATION.* 


Ebullition is an accidental phenomenon, depend- 
ing on the air contained in liquids; for, if this be 
thoroughly expelled, there will be no ebullition. 

You have seen that water in vacuo gives out a 
great quantity of air in bubbles; these are formed in 
the midst of the water, increase in size, and then 
escape. When no more bubbles are produced by 
this operation, fresh ones may be obtained. by agitat- 


* See Lettres de M. De Luc, a M. de la Metbrie, published in 
the Journal de Physique for 1790, 1791, 1792. 
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ing the water, still more may be disengaged, if it bs 
heated, WES 
The air that is engaged in water is prevented from 
separating the particles thereof, by the pressure of 
the atmosphere: when this pressure is removed, 
those particles of air which are most favourably situ- 
ated begin to move with more liberty, and, by their 
impact, to augment the spaces in which they are 
contained, thus giving room for other particles to 
disengage themselves and form small bubbles; these 
being unequal in size, rise with different velocities; 
in rising they often meet and unite, and the space 
they thus conjointly occupy is larger than the sum 
of the separated spaces. This is the cause of the 
first phenomenon above mentioned; for, by agitat- 
ing the water, spaces are formed void of air, into 
which other particles of this fluid, disengaging them- 
selves from the sides of the water surrounding the 
empty space, enter; and thus are fresh bubbles of 
air formed, which would not have been disengaged 
without this agitation of the water. Lastly, by a 
fresh degree of heat applied to the water, an expan- 
sible fluid is introduced therein, that is more subtile 
than air, and is always in motion in the interstices 
between the particles of water: by separating these, 
it enables those of air to disengage themselves, and 
thus form more bubbles thereof. 
Nov, if all the air that is contained in any liquid 


be expelled, that liquid would never boil, neither in 


vacuo nor in open air; it would then only evaporate 
at its surface: the evaporation would indeed be 
slower, but would still be regulated by the same 
laws; and, at the same temperature, the vapours 
arising therefrom would be as dense as those pro- 
cured by ebullition from liquids not purged of air; 
for the degree of heat at which liquids boil, is that 
where the vapour is capable alone of supporting the 
incumbent pressure, the vapour being formed in the 
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boom of the fluid, as soon as there is any solution 
of continuity. 

This reasoning 1s confirmed oy an experiment. 
made by Mr. Watt, who conveyed some water into 
a barometer tube, the upper part of the tube being 
formed into a ball, and the air being expelled en- 
tirely from the water it contained, the ball was 
introduced into a vessel of salt water; this was gra- 
dually heated; the increase of the heat, the march 
of the water, and the corresponding depression of 
the mercury, were carefully noted. 

The moment the steam or vapour at the top of the 
instrument had attained the boiling heat, the mer- 
cury in the barometer was depressed to the level of 
that in the bason; the vapour in the instrument was 
therefore then of the same density as those which 
the water therein would have formed if it had 
boiled; whereas in the present experiment there was 
no ebullition. In proportion as the salt water was 
more heated, the density of the vapours increased, 
and the mercury in the tube fell beneath the level of | 
that in the bason, till at last it was driven entirely 
out of the tube: there was still, however, no ebulli- 
tion, though the heat was many degrees above the 
boiling point. 

The depression of the column of mercury, and 
the corresponding augmentation of heat in the water, 
coincided as nearly as could be expected with the 
heat assumed in other experiments by boiling water, 
under different degrees of incumbent pressure. 

From this experiment you will naturally infer, 
first, that ebullition is only an accidental phenome- 
non, arising from the air inclosed in the liquid. Se- 
condly, that with the same temperature, similar 
vapours are detached from the water whether it boils 
or not. Thirdly, that ebullition does not take place, 
until the vapour produced in the liquor has acquired 
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a degree of expansive force sufficient to raise the 
liquor into bubbles under that pressure. | | 

It now remains to be explained, how vapour is 
produced in boiling water, and by what means the 
permanent or constant heat of boiling water is pre- 
served under the same pressure. These phenomena 
are easily explained by experiment; for this will 
shew you that vapour is formed in the midst of water, 
by means of the bubbles of air that are disengaged 
therein. These bubbles form a solution of conti- 
nuity into which the vapour enters, and is then 
expanded and united with fire; hence an evapora- 
tion which cools the fluid, and preserves it at a cer- 
tain temperature. . | 

When the heat is small, the vapour that is formed 
is 80 rare, as not to increase the natural effort of the 
bubbles of air in escaping; but when the heat in- 
\ creases, the steam or vapour that enters the bubbles 
of air becomes more dense, and the bubbles are en- 
larged: the heat being further augmented, the steam 
contained in the bubbles becomes sufficiently dense 
to surmount the pressure of the water, it then en- 
larges the space in which it is contained, and would 
do this indefinitely, if it were prevented escaping 
from the surface. M. de Luc put into a retort with 
a long neck some water, which was so perfectly freed 
from air, that no bubbles were disengaged till it had 
attained the boiling heat; the retort was held in an 
inclined position, to prevent the steam from escap- 
ing by the neck. In this position one bubble of air 
disengaged itself, and gave rise to so much steam, 
as forced out in one mass nearly half the water that 
was contained in the retort; proving that a certain 
degree of heat is necessary to form steam sufficiently 
dense to overcome by itself the incumbent pressure. 

The bubbles of air and included steam are formed, 
and escape with less heat, when there is less pressure 
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on the surface. Thus, when the pressure of the 
atmosphere is removed, water will boil with a heat 
not exceeding 95 degrees, that is 117 degrees below 
the heat required under the ordinary pressure of the 


atmosphere. 


The greater the pressure, the greater is the de- 
gree of heat necessary for ebullition, insomuch, that 
in Papin's digester water acquires a degree of heat 
equal to that of metals when red-hot. 

As soon as the steam is formed and escapes, the 
water becomes colder, but soon regains its former 
heat by fresh supplies of fire. The water is cooled 
by the formation of the vapour within it; thus the 
quantity of water is diminished, but the heat remains 
the same, being neither. increased nor diminished; 
the continued application of fire, by converting a 
greater portion into vapour, is carried off, so that 
by the evaporation the heat of the boiling point is 
fixed: this is rendered evident by experiment. Thus 
M. de Luc having expelled the air from spirit of 
wine, found it was capable of sustaining the heat of 
boiling water; he thence inferred, that by expelling 
the bubbles of air from water, he should make this 
fluid support a greater degree of heat than 212 de- 

He made the experiment, and it succeeded 
according to his expectation, when all the air was 
expelled, no vapour escaped, because none of these 
bubbles were formed, and the water at the common 
pressure of the atmosphere sustained a heat 22 de- 
gone greater than that of the common boiling point : 

ence also it is evident, that steam or vapour can 
only be formed at the free surface of fluids. 

It was found in the course of these experiments, 
that whenever the thermometer had risen above the 
boiling point, it immediately fell again to that point; 
the formation and escape of fresh bubbles as it were 
cooling it down to that heat. TO 
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Accurately speaking, therefore, the boiling point 
is only fixed and certain in the steam which escapes; 


for the temperature of the water varies, being some 
times above, sometimes below this point; but al- 


ways falls, when higher, immediately on the escape 
of steam bubbles. The greater the degree of heat. 
that is applied to the water, the more rapid are 
these oscillations of temperature. The mean tem- 
perature, however, remains the same, and the only 
effect of a greater degree of heat is to produce from 


the water steam bubbles of a constant temperature in 


greater number, and with more rapidity. 


You may from these experiments comprehend why 


liquids are cooled by evaporation, as well as the na- 
ture of evaporation itself; the particles of fire bein 
very subtile, penetrate and traverse all bodies con- 
tinually, in every direction, and undergo therein the 
various modifications already described: the perma- 
nency of the same temperature in any body, and in 
the air surrounding it, will therefore depend on an 
equilibrium in the simultaneous passage of the parti- 
© cles of fire from that body into the air, and from the 
air into that body; and this equilibrium exists where- 
ever fire meets the same resistance at coming in and 
ing out, as in solid substances, or in fluids in- 
closed in solids. But the case is different with those 
that have one surface free or exposed, as fluids; for 
here the fire that enters does not compensate for 
what goes out; the latter being less resisted than the 
former, the fire passes out more rapidly than it en- 
ters, carrying away with it the molecules of water 
which it meets with at the surface. By these means 
the fluid is rendered cooler than the ambient air, 
and the effect is greater in proportion as the mole- 
cules of the fluid yield more easily to the impression 
of the particles of fire. a 
When the molecules, that have been thus de- 
tached from the general mass, keep at a certain dis- 
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tance from each other, which distance is regulated 
by the temperature, they remain united with the 
22 of fire, and vapour is the result, which may 

considered as an expansible fluid, that obtains 
from fire its peculiar properties, while, like other 
mixtures, it acquires qualities which are not per- 
ceivable in the separated ingredients: but if the 
particles of vapour or steam are brought within the 
above distances, they unite and are precipitated. 

According to the experiments of Mr. Watt, boil- 
ing steam, when the barometer is at 28 inches, oc- 
cupies 1800 times more space than the water from 
which it proceeds. This steam is pure, and its pe- 
cular character is to be sufficient of itself to support 
the pressure of the atmosphere. If you increase the 
space occupied by a given mass of this steam, pre- 
serving the same temperature, it dilates, and fills 
this space, seeming to have no other limits of expan- 
sion than the space in which it acts; but if you 
make it occupy a less space, a portion of the steam 
or vapour is destroyed, without diminishing the 
density of what remains: in this case a portion of 
the water is precipitated, and a portion of fire disen- 
gaged. The liberation of fire will retard the de- 
struction of the remaining steam, unless it escapes 
through the vessel in which the steam is confined. 

The evaporation of a drop of water at the top of a 
barometer depressed the mercurial column half an 
inch, when the thermometer was at 57 degrees; the 
vapour alone, in this instance, and with this tempe- 
rature, supported a column of mercury of half an 
inch, If the column of mercury was raised, by 
adding more mercury at bottom, the depression of 
the barometric column was still the same; a part of 
the steam was destroyed, but the residue preserved 
the same density till the whole was destroyed. This 
experiment agrees with one of Mr. Nairne's, already 
mentioned, hee 
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By considering what has been said, you will find 
that the air has had no concern in the formation of 
. vapour; for, in the experiments with boiling water, 
it is excluded by the steam itself, and in experiments 
made in vacuo, it was extracted; yet, in both cases 
the same phenomena take place, as where air is pi 
sent. Messrs. de Luc and Saussure have further 
proved this. I shall however only relate one more 
experiment.* A barometer was placed in a vessel 
filled with air; the vapour contained in this being 
absorbed by proper salts, a moistened rag was placed 
therein, and then the vessel was sealed. 'The baro- 
meter when inclosed was at twenty-seven inches, the 
thermometer about sixty-four degrees; the greatest 
degree of evaporation raised the barometer to twenty- 
seven inches and an half, thus coinciding, as nearly 
as could be expected, with the experiments of 
Messrs. Nairne and Watt. 

The phenomena of aqueous vapour are therefore 
clearly the same in open air as in vacuo. The den- 
sity of the vapour is the same. every where, and at 
any temperature, provided the particles thereof keep 


at a certain distance from each other. It is equally 


indifferent whether they be expanded in air or in 
vacuo, 80 that they are not forced by pressure within 
this distance. Now, the particles of vapour in vacuo 
are not better secured by the sides of the vessel from 
the pressure of the atmosphere, than those in open 
air are by the air itself with which they are inter- 
mingled, because this air alone already resists this 


A portion of vapour is at any time destroyed by 
condensing the air with which it is intermingled. 
It is, indeed, a general observation, that humidity is 
increased by condensing, and diminished by dilating 


the air. In the same manner in vacuo, at every 


* M. de Saussute Essais sur I'Hygrometrie. 
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temperature humidity increases when the particles of 
vapour approach within a certain distance, and di- 
minish when they recede further. 

Thus does every phenomenon prove that the hy- 
pothesis of the dissolution of water by air is vague, 
without any solid foundation, unnecessary for the ex- 

lanation of evaporation, and involving every branch 
of philosophy in obscurity. 


OF THE LATENT FIRE IN STEAM OR VAPOUR. 


Boiling water, when examined by a thermometer, 
is not sensibly hotter after boiling several hours than 
when it began to boil; though, to maintain it at 
that degree of temperature, a brisk fire must be 
necessarily kept up. What then becomes of this 
great waste of fire? It is not in the water, nor is it 
manifested by the steam, for, upon examination, 
this is rarely found to be hotter than boiling water. 
Dr. Black has proved that this fire is absorbed by the 
vapour, and that what is so absorbed, is absolutely 
necessary to the existence of water in the form of 
an elastic fluid, but which does not increase its 
temperature. 

The following experiments of Dr. Black will ren- 
der this subject very you to you. Having the 
opportunity of using what is called a kitchen table, 
or a large thick plate of cast iron; he heated one end 
thereof red-hot, and placed thereon two flat circular 
iron vessels, of about four inches diameter, and con- 
taining equal quantities of water; the temperature 
of the water was noted when it was placed on the 
table, when it began to boil, and when it was nearly 
boiled away. In four minutes it began to boil and 
send forth steam, and in the space of twenty mi- 
nutes, the plate being still of the same heat, the 
water was wholly evaporated. At the beginning of 
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the experiment the water was at 54 degrees; in four 
minutes it rose 158 degrees, or to the boiling point; 
during each of the successive four minutes, it re- 
ceived the same quantity of heat, that is, in twenty 
minutes, 5 times 158, or 790 degrees. If the steam 
had gone off with great velocity, we might have 
said that it was a sensible effect of the increase of 
heat; but, as neither the heat of the water is in- 
creased by boiling, nor the steam sent off with any 
remarkable celerity, we may reasonably conclude 
that the fire is absorbed by the steam, and becomes 
one of its component parts. The surplus heat is 
neither sensible in the water nor the steam; for, if 
you apply a thermometer to the steam, you will not 
find it hotter than the boiling water. 

This conclusion is further strengthened by the 
heat given out by steam, on its being condensed by 
cold: this is particularly manifested in the conden- 
sation of this fluid, in the process of distillation 
where, upon examining the refrigeratory, you will 
find that a much greater quantity of heat is com- 
municated to it, than could possibly have been trans- 
mitted by the heat which was acting sensibly before 
the condensation: this may be easily ascertained, by 
observing the quantity of heat communicated to the 
water in the refrigeratory of a still, by any given 
quantity of liquid that comes over. Thus if the re- 
frigeratory contains 100 pounds of water, and the 
distillation be continued till one pound has come 
over, supposing the water in the refrigeratory to have 
received eight degrees of heat; if the whole of the 
quantity thus received could be thrown into one 
pound of water, the latter would receive 800 de- 
grees, But that this quantity of heat is received by 
the refrigeratory, has been proved by experiments; 
which consequently shew that water, when con- 


verted into vapour, absorbs above 800 degrees of 
heat. | | 


i a. ao FT = 


we F 


"yy IF bY 


IN STEAM OR VAPOUR. 377 


Dr. Black put some water into a strong phial, hav- _ 
ing a thermometer in it, and stopped closely with a 
cork: this he exposed to sand heat, and brought the 
thermometer twenty degrees above the boiling point; 
which was easily effected, as the pressure of the steam 
on the water made the fluid capable of greater ac- 
cessions of heat. He then pulled out the cork, sup- 
poeing that the water would immediately disappear, 

y flying out in vapour. 'This did not happen; for, 
upon taking off the mechanical pressure, a sudden 
and very tumultuous ebullition ensued, during which 
a portion of the water was forced out of the phial, 
together with a quantity of steam; the water in the 
phial sunk down to 212, almost as soon as the cork 
was pulled out. Now, as the additional heat does 
not appear in the water, though the minute before 
it acted sensibly in it, we may conclude that the fire 
occasidning it is combined with tHe steam. | 

Mr. Watt, under the direction of Dr. Black, put 


a quantity of water into Papin's digester, and raised 


it to 412 degrees. After confining the steam for a 
long time in such a pressure, he judged that upon 
admitting the air, and giving vent to the obstructed 


steam, the whole mass of water would instantly eva- 
porate; this was not however the case, a quantity of 


steam flew out with considerable noise, and with 
such impetuosity, as to rattle several times against 
the ceiling of the room; yet far the greater part of 
the water remained, which immediately sunk to 
212 degrees; whence it was concluded, that the fire 
thus put in action was absorbed by the steam, by 
which means the temperature of the water was re- 
duced to the boiling point. In this experiment the 
water was heated 200 degrees above the boiling 
point. If the conversion of water depended merel 

on the quantity of sensible heat, the whole of the 
water must have been evaporated, whercas a small 
quantity only went off in vapour. 
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I have already dwelt a considerable time on this 


understanding of the most part of the phenomena 
in nature, will be a sufficient excuse, and will, I 


am sure, encourage you to hear with attention an 


account of further experiments on this interesting 
branch of philosophy; the more so as you are sen- 
sible, that natural philosophy consists in exploring, 
by experiment, the phenomena 3 from the 

other; as 
these phenomena are innumerable, experiment must 
be so also; for no arithmetic can reckon up the va- 


rious ways in which terrestrial bodies may, by na- 


tural and artificial means, be brought to operate on 
each other. 


If eight pounds of iron filings, at 212 degrees, be 


mixed with a pound of water at 32 degrees, the tem- 


perature of the mixture will be 122 degrees nearly; 
the iron will be cooled go degrees, and the water 
heated go degrees. | 

But if eight pounds of iron filings, at 300 degrees, 
be mixed with a pound of water at 212 degrees, the 
temperature of the mixture will be 212 degrees, 
and a part of the water will be sensibly converted 
into vapour: if a sensible thermometer be so sus- 
pended as to. be in contact with the vapour thus 
produced, it will be found also at the temperature of 
212 degrees. In this experiment you see, that 88 
degrees of fire, separated from the iron, raised a 
portion of the water into the form of vapour, but 
did not increase the temperature thereof; the va- 
pour that escaped was also at the boiling point. As 
the fire separated from the iron is not communi- 


cated to the water, it must necessarily be absorbed by 


the vapour. 

From these experiments it evidently appears, that 
fire may so exist in bodies, as not to discover itself 
in any other way than by its action on the minute 
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parts of the body; and that this action may be sud- 
denly changed so as to be no longer directed on 
the particles of the substance itself, but upon ex- 
ternal objects, in which case we perceive its action 
by the sense of feeling, or discover it by the ther- 
mometer. It also appears from these experiments, 
that water, in its fluid state, hath as much fire 
combined with it as it can contain, and yet remains 
in that state; in other words, the elementary fire 
within it expands or separates its parts from each 
other as much as is consistent with its constitution 
as water. | 

If any more be added, it cannot be absorbed or 
combined, or direct its force on the particles of 
the water, without raising them in vapour:. part, 
therefore, of this additional expansive power will 
be employed in the formation of vapour, and the 
rest will be communicated to the neighbouring sub- 
_ Stances. *) | 

It also appears as evident as experiment can make 
it, that fire is the cause of fluidity: now as fire, 
when producing heat, expands bodies in every di- 
rection, we may conclude, that it acts as from a 
center towards a circumference, and that cold is a 
diminution of this action, or a condensation from a 
circumference towards a center; consequently, when 
the expansive action of fire is confined within the 
surface of the body, it cannot affect the thermo- 
meter, and may be called, in this sense, latent fire. 
When the expansive action is transferred from the 
internal parts of the substance to the surface, it 
then affects the thermometer, though congealing or 
freezing, the latent fire being then rendered sensible. 
A certain degree of expansive power exists in all 
bodies; this has been termed the specific fire of 
the body. When the expansive action of fire, 
within any substance, becomes greater than is con- 
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sistent with the cohesion of that substance, it is. 
dissipated or resolved into vapour: this, however, 
may be effected in such a way, that this fire may 
still act upon the separated parts, without exerting 


any of its force upon external substances; and con- 


1 vapour will continue to exist as such in 
a degree of heat much below that at which it was 
produced. When this latent fire is transferred to 
other bodies, the vapour ceases, is condensed, and 
in most cases returns to its original state. 

Every substance has a proper proportion of fire 
combined; consequently, whenever it is decom- 
Ez or new combinations take place, there will 


either an equal, a smaller, or a greater quantity 


of fire employed: if an equal quantity is used, there 
will be no fire disengaged, nor any absorbed; in 
other words, no portion of liberated fire will be 
combined, nor will any that was combined be set at 
liberty. But in the second case, where less fire en- 
ters into the new combination, than was in the pre- 
ceding one, a portion of the fire that was combined, 
before the decomposition, will be set at liberty, and 
will remain disengaged; after the recomposition, it 
will re-assume its properties, and will produce the 
effect we call heat, and will dissipate itself insen- 
sibly among the surrounding bodies. In the third 
case, when more fire enters into the new combina- 
tion than was there before, the fire from the sur- 
rounding bodies will be absorbed, and pass from the 
state of free to combined fire; as the surrounding 
bodies are thus deprived of a portion of their free 
fire, they will become colder, and continue so till the 
equilibrium is restored by fire from other bodies. 


You have thus a sensible and clear criterion, by 


which you may distinguish when fire is disengaged 
or absorbed in any combination whatsoever; in the 


first case the surrounding bodies will be heated, in 


the second cooled. | 
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And whenever fire is absorbed by entering into 
combination, cold is produeed, we may infer, that 
whenever cold is perceived, a quantity of liberated 
fire is become combined, or that there has been an 
absorption of fire by the combination. 

| Now, as in the formation of vapours, cold is al- 
ways produced, we may be assured, that fire is ab- 
sorbed when vapours are formed, or that vapours 
result from the combination of fire with a fluid re- 
duced to a vaporous state. 

As an objection may be made to the foregoing; 
theory, it will be necessary to consider it before we 

any further. If no aeriform fluid can be 
formed, says the objector, without a portion of fire 
passing into, and being combined with it, cold ought 
always to be produced in the formation of every aeri- 
form fluid; whereas, in the combination of calca- 
reous earths, and effervescing alkalies with acids, in- 
Stead of cold a sensible heat is generally observed 
during the formation of the fixed air. 

This phenomenon, far from invalidating the for- 
mer theory, only proves, that in these combinations, 
more fire is disengaged than is necessary tor forming 
the fixed air, which 1s clearly proved by shewing, that 
the quantity of heat may be increased or diminished 
at * according as the quantity of fixed air in 
the alkali is increased or diminished: volatile alkali 
alone, fully saturated with fixed air, produces cold 
instead of heat, when the air is disengaged therefrom. 
Mr. Lavoisier has made a great many very satisfac- 
tory experiments on this head. 


OF THE COLD PRODUCED BY EVAPORATION, 


You have seen chat evaporation, though produced 
by fire, is a cause of cold; it is indeed the principal 
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means used in the pms of nature for regulating 
the earth. 


operations, and have a proper idea of this process, I 
Shall shew you some very curious experiments, and 
relate others; pointing out, at the same time, such 
applications of this general phenomenon, as cannot 


fail to render it highly interesting. 


Take this thermometer filled with water, and 
plunge the ball in water, letting it remain there till 
it is of the same temperature; then take it out, and 
agitate it in the air, the water on the surface of the 
ball evaporates, and you see that in the thermometer 
falls: by repeating this operation a number of times, 


you may even freeze the water in the ball. 


If you wrap the ball of a thermometer with fine 
linen, and keep this moist by sprinkling it with ether, 
and then agitate or move it briskly in the air, the 
thermometer will descend to 0“. Spirits of wine, 
ether, and many other fluids, produce a greater de- 
gree of cold than water; probably in consequence 
of their being more evaporable. The degree of 
cold, produced by evaporation, depends probably on 


the velocity with which it is accomplisghed. Now, 


the promptitude in evaporation of water of a definite 


temperature, depends. partly on the prevailing de- 


gree of heat, partly on the current of air acting on 
the thermometer, and partly on the dryness and mois- 


ture of the air. 


From the experiments of M. Richmann, we find, 
1. That a thermometer, taken out of water, and ex- 
posed to the air, always descends, even when its 
temperature is equal or superior to that of the water. 
2. That it afterwards rises till it has attained the 
temperature of the atmosphere. 3. That the time 
of descending is less than that which it employs to 
rise again. 4. That when the thermometer, with- 


drawn from the water, has arisen to. the common 


To understand its 
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temperature, its bulb is dry; but that it continues 
wet during the whole rome get” its standing beneath 
this common temperature. 
The experiments of Dr. Cullen shew us, 1. That 

a thermometer, suspended in the | receiver of an 
air-pump, descends two or three degrees during ex- 
haustion, and afterwards rises to the temperature in 
the vacuum of air. 2. A thermometer plunged in 
alcohol in the receiver of the air-pump, always de- 
scends; and that lower in proportion as the bubbles 
are stronger which issue from the alcohol. If it be 
taken out of the liquor, and suspended wet in the 
receiver, it falls eight or ten degrees, while the air 
is pumping out. Dr. Cullen placed some very vola- 
tile liquors under the receiver of an air-pump; one 
of these was ether; it was contained in a glass, in 
which there was also some water; when the air was 
extracted, the ether began to boil, and to be con- 
verted into vapour, till it became so cold under the 
receiver, that it froze the water contained in the ves- 
sel, though the temperature of the room was about 
50 degrees. | 

. You may freeze water at any time by the _ 
ration of ether; for this purpose you should be fur- 
nished with a thin glass tube to hold the water, like 
this in my hand,. and a bottle of ether with a capil- 
lary tube fitted to the neck: I shall keep the out- 
side of the glass tube wet with the ether, and the 
speedy evaporation of this very volatile fluid will soon 
convert the water into ice, and this it will do even 
before a fire, or in the midst of summer. See plate 4, 
fg. 23. . 

We may, therefore, lay down the following cir- 
cumstances, as the most general consequences that 
arise from the experiments made on evaporation: 
1. That if a thermometer be plunged into any eva- 
porable fluid, and immediately taken out again, it 
will descend seyeral degrees while the bulb is dry- 


* 
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ing; as soon as the fluid is all evaporated, it wilt 
n to rise, and continue to do so until it has ac- 
quired the tem ws pace of the surrounding air. 
2. That the col: uced is greater in proportion 
as the fluid is more 2 the bulb of a ther- 


, mometer, moistened with water, does not descend 


80 rapidly as one wetted with spirit of wine; and this 
less 80 than one moistened with ether. 3. If the 
evaporation 1s accelerated by any means, excepting 
by heat, there will be a proportionable augmentation 
of cold, so that evaporation is not only productive 
of cold, but the degree of cold depends also on the 


rapidity of the evaporation, 4. That by continuing 


to wet the bulb as fast as it dries, the cold continues 
ta be increased, because the producing cause con- 
tinues its action. | 


Sailors, in calm weather, often hold up a wet 


finger in the air, and if one side of it becomes, in 


drying, colder than another, they expect wind from 


that quarter. This custom is not without its foun- 
dation, for an almost insensible motion in the air 
will evaporate the water from one side of the fin 

sooner than from another, and thus produce co d. 


By a similar experiment, you may experience the 


cold produced by evaporation; wet your finger by 
putting it in your mouth, and then hold it up in the 


air, and you will find it grow cold as the moisture 


evaporates. 
Though this property of producing cold by. eva- 


poration has been but lately observed by chemists, 


yet it has been long employed by those who knew 
nothing of the operation. It has been observed at 
Ae in Syria, that the water in their jars is al- 

ways the coolest when the weather is the warmest, 
and the power of the sun excessive. The heats in 
that part of the world are sometimes almost into- 


lerable, and at that time the evaporation from the 


outside of the jars, which are made of porous earth; 
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; is very copious; and the cold within is in propor- 
0 to the quantity of water evaporated from with- 
out. Kempfer relates, that the winds are 80 scorch- 
ing on the borders of the Persian gulph, that tra- 
vellers are suddenly suffocated, unless they cover 
their heads with a yo! cloth; if this be too wet, they 
immediately feel an intolerable cold, which would 
become fatal if the moisture was not opecdily dissi- 
pated: by the beat. | 
Mr. ee and ys, they babe & kind of eatthees 
Jar. in some parts of Spain, Yalled buzaros, which are 
only half baked, the earth of which is so porous, that 
, the: perry is kept moist by the water that filters 
through it, and though placed in the gun, the water 
in the pots remains as cold as ice The blacks at 
ia have a similar method of cooling water; 
they fill tanned leather bags with it; and * them 
up in the sun; the water oozes more or less through 
the leather, so as to keep the outward surface wet, 
which, by its quick and continued. ee cools 
the water, - 
The manner of a ice in ** East ladies de- 
nds on the same principle, that of producing cold 
y evaporation. The ice makers dig pits about 
thirty feet square, and two deep, on large open 
plains: they strew the bottoms these pits, to the 
thiekness of about eight inches or a foot, with sugar 
canes, or with the dried stems of Indian corn: upon 
this bed they place a number of unglazed Pans, 
which are made of so porous an earth, that the wa⸗ 
tex penetrates through their whole substance: these 
pans, which are about a quarter of an inch thick, 
and a quarter deep, are filled towards the dusk of 
the evening, in the winter season, with water /whichs - 
has been boiled, and then left in that situation till 
morning, when more or less ice is ſound in ther, 
according to the temperature of the air; 3 
more formed in dry and _ weather, than nin 1 
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which is cloudy, though it m 
human body. Every thing in this process is calcu- 
lated to produce cold by evaporation; the beds, on 
which the pans are placed, suffer the air to have a 


free pastage to their bottoms, and the pans, in con- 


stantly oozing out water to their external Ny 
will be cooled by the evaporation,” | 

- Cellars and subterraneous vaults, at a certain 
depth, are commonly dry in winter, and very wet 
in summer. In summer, the air is hotter than the 
interior of the earth; and fire, which always tend 
to an equilibrium, descends into the upper strata 


of the carth, with the water it bears: it deposits this 


water in these strata successively, in proportion as it 
1 etrates and finds them colder; thus they become 
ed w 


it, until by a:change in the atmosphere, which the 
cold brings ich it, the fire returns from the earth to 


the air, and gradually carries away with it the water 


it. had deposited during the summer. 

That fire effects evaporation with great ene 
when not restrained by the air, is evident from t 
following fact: 'in the upper part of the burcrniner; 
well purified from air, and exposed to considerable 
changes of temperature, as for example, at a window 
upon which the sun sbines, you will see the mer- 
cury raised, and deposited in little drops on the 
empty part of the tube: these drops gradually in- 
crease, and at length fall back by their weight. This 
is a real distillation, which takes place in the ordi- 
nary temperature of the atmosphere; the fire, al- 

in this instance of very inconsiderable den- 
sity, raises the mercury, which is nearly fourteen 
times heavier than water, and carries it, at least, to 
the height of two inches; and de it on the 
eoldest side of the glass, where it has the greatest 


tendency to traverse it. This is one among many 


phenomena which chews, that evaporation ors nos 


be colder 5th - 


ith humidity to à certain depth, and retain | 
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arise from any dizolving power in the air; for in this 
case the air was excluded, but is to be ascribed solely 
to the agency of fire. 

It is on these principles that the air over a wood 
or forest, is OR Ot colder by the eyaporation from 
trees and shrubs. lants are kept in a more 
moderate air, and N from the burning heat of 
the sun, by the vapour perspired from their own 
leaves; and hence the shade formed by vegetable 
bodies, is more effeotual to cool us, as well as more 
— in wel than the shade of rocks and 

n 161300 

e the human body. is most na the vapour 
Passes at t m by perspiration. pores 
are closed, what should evaporate is reverberated, 
and works inward] ly upon the body, like the steam 
confined” in Papin's digester, and the blood rises 
far aboye eee as water in that 


vessel ries far above the heat of boiling: thus nun- 


bers of labouring people su support themselyes i in the 
height of summer, by virtue of a copious 


Perrpira- 
tion, which they replenish by drinking plentafully; 
the liquor is carried off by perspiration, and the body 
is kept cool by the fire which the evaporation of the 


sweat carries off. The workmen employed. i in — | 
houses, ſounderies, &c. often live in a medium hotter 


than their bodies, the natural temperature of which 
is equalized and moderated by perspiration. 
Thus has Providence contrived to render the beat 


of the torrid zone less insupportable to the inha- 


bitants. An intense heat bathes the body in sweat; 
* the sweat being evaporated, carries with it a 


rtion 
be j TE cools the body. If evaporation be _ 
— by agitation of the air, the 


greater: henge the use of fans and — 
which, thor intended to give motion to warm 


| air, | cool | 
| 'RÞ2 


of the fire by which it was/occasioned, - 


we, by. facilitating and &vouring . b: 
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evaporation Warm and dry air is best suited to 
form a refreshing current, because it is more cal- 
culated to carry off humidity: from hence also. 
we may see the necessity of frequently renewing 


the current of air to ee 158 Lune of duk, 


Dns, TE ENT 
These piineiples, says M. 'Chapeal, have 05 4 
nearer relation to medicine than is generally wu 
ow Most fevers end in perspiration, whic 
ide the advantage of expelling the morbifie mat- 
ter, possesses that of carrying off fire, and thus 
restoring the body to its common temperature. The 
Physician, who is desirous of moderating the ex- 
cess of heat in the body of a patient, ought to main- 
tain the air in that disposition mn is most suitable 
de | % bite 
May not these principles eee ſor the effect 
* The use of volatile alkali is 
universally acknowledged in burns, the tooth-ach, 
&c. May not these effects be attributed to the 
volatility of this substance, which by combining 
with, and carrying off fire, leaves an impression of 


cold? May not also the effect of ether; which is a 


sovereign e for the ee n on the ame 
E 

Most of the phenomena of eraporation are con- 
veniently and elegantly seen in these glass tubes, 
plate 5, fig. 7, with hollow balls at their extremities; 
the balls are freed from air, and half Glled with water 
or spirit of wine. If you lay hold of each ball at 


the same time, you will see no ebullition in either; 
but if you only lay hold of one, it will be warmed 


by the hand, while the other remains cold, and the 
water will immediately fly from 'the one which Js 
warmed, and rise into the other which remains of 
the bame temperature. When the water is all 
into the ball furthest from your hand, you ona 

begins to boil, and chis 9 will. Char 
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Vir jroides you oy: your hand on the empty 
8 
na are exsily explained from what 


These 
has been already $hewn you; the fire passing from 
the hand into the glass, converts into vapour the 
thin coating of moisture which lines the ball; but 
when the balls are equally warmed, the pressure 
being equal on both sides, the vapour cannot act 
and develope its property. When one only of the 
balls is heated, the is formed in great abun- 
dance, and forces the water into the other; the 
fire at the same time passing through, occasions the 
ebullition in the other, by forcing up the vapour it / 
raises through the water into the other ball; the 
vapour arising from this, parts again with its fire 
— the cooler sides of the glass. You may be 
inced, that this ebullition is occasioned 

. vapour raised by the heat of the hand, from 
ce humidity which coats the ball; for if you grasp 
this ball in the' hand, keeping it in such a position 
that the water cannot enter it again, the sides thereof 
will soon become quite dry, and the ebullition will 
entirely cease: but if you moisten the inside of the 
ball with a drop of water, the ebulliticn: will imme- 
| diately commence. | 

Another remarkable phenomenon that this little 
instrument presents to your attention, and which 
Jon must already have observed, is this; that as 
ong as there is any moisture in the inside of the 
ball to be changed into vapour, the hand feels a cool 
sensation, although it is closely grasped thereby, all 
the fire that proceeds from the hand being combined 
with the water, to change it into an elastic vapour; 
but the instant the ebullition and evaporation ecases, 
the ball becomes warm. 

You may demonstrate with this instrument, in 
another manner, the cold produced by evaporation : 
. hold the middle of the tube in 
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being uppermost, and containing nearly the satne 
quantity of water in each. Now wash one of them 
two or three times with a hair pencil that has been 
dipt in spirit of wine or ether, and you will see all 
the water pass into the moistened ball, and begin to 
boil with force; the reason of this omenon is 


very plain, the evapora 


tion from the moistened ball 
has carried off part of the fire contained therein; the 
vapour in this ball losing its fire, and being thereby 
condensed, does not act against that in 25 other 
ball, which presses the water, and this oocasions the 
ebullition. 

Here is one of these instruments, plate 5, fig. 9, 


fixed upon an axis with the balls upwards, and a 
board ng them, in which are two holes, 80 
. en cf cho betls when 


it preponderates: place this before the fire, and the 
from the water in the lower ball will scon 
force out the li in this ball, which ascendi 
into the other, it becomes the heaviest, and fal 
down, and being then opposite to the hole facing the 
fire, a portion of the water therein will be rareſied, 


and force the rest into the other ball which will 


again descend. It is not improbable, says Dr. Frank- 
in, that this power of easily moving water from one 
end to the other E — by a small de- 


gree of heat, may hereafter be aer advantageously 
to some purposes. 


OF den Nerf n or EVAPORATION. 


| The experiments we have made with our anal 


glass apparatus, have prepared us for the considera- 
tion of that species of vapour which rises with very 
little heat, and is in general imperceptible: as this 


evaporation is perſectly quiet, it evidently proceeds 
from the in only, 


the hand, „nnn 


is therefore proportionably 
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greater as the surface-is enlarged. Equal quantities 
of water being put into two ee See "es 
one broad and shallow, the other narrow and deep, 
the former will nnen e Ae f 
the latter. 
It has long been thought, that the air diasctves 
the water, and thus occasions this jon; but 
this opinion does not seem well founded; the con- 
trary. has indeed been already proved. There cer- 
tainly is a constant slow — from fluids ex- 
posed to free air; yet it is evident, that fire is the 
2 agent concerned in this evaporation, from 
the refrigeration Which always accompanies the 
process. To suppose that 2 — of a 
menstruum or solvent, brings us only to the same 
conolusion; for how do solvents act? Not by an 


occult virtue in the solvents themselves, nor in the | 


matter they act . nh 0 on something adventi- 
tious to both. 
| Water Aube alt as a  menstrum; but only 
under certain conditions, which proves that the 
power is not ether in the water, but in some- 
thing else. Hot water will receive and retain many 
more of the saline particles, than water which is cold 
or lukewarm; when, with a certain degree of 
cold water, Wasen fixed into ice, it loses its mobi- 
ity, and can dissolve nothing. 
Further, as all motion is in the direction of its 
cause, wheresoever you see a body move in any di- 


reotion, you may safely affirm, that there is a cause 


acting in that direction. But if you suppose air to 


act as a menstruum on water, by the power of at- 


traction, you must suppose it to act — 
and draw water upwards, which is « to the 
laws of motion; all motion being in the direction 
of the moving cause: you must therefore resolve the 
ascent of yapour into impulse, into the agency of a 


rr 
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all directions. When vapour rises from the surface 
of an heated fluid, all is consistent and rational; the 
fire goes off the same way, and so the cause and ef- 
ſect are in one direction; and therefore, if we would 
be consistent, we must reduce other cases to this, 
and argue, chat all gentle and slower operations are 


on the same principle as where the operation is 


E as where the cause is more violent. 

Fire, which is the great cause of solution, is also 
che cause of spontaneous evaporation. The earth 
and sea perspire, when they are heated like the hu- 
man body; and no one ever yet supposed, that per- 

ration was owing ito the air that surrounds the 

in of an animal; although this vapour, like that of 
| the rivers and sea, goes off into the a here, it 
is not the air without, but the fire within, that is 


the cause; the air only receives it, and may do this 


more or less, e to the state it is in with re- 
spect to cold or heat, rarity or density. If this rea- 
soning wanted further confirmation, you may have 
reeourse to the experiments you have already made, 
which prove, that evaporation is produced in greater 

—— in vacuo than in open air; w „on 
the opinion of solution, no such effect should take 
place, as the solvend cannot be dissolved without the 
presence of the menstruum. | 

Spontaneous evaporation is much panic b 

chanical motion. The ground,” when bs er with 
rain, dries very fast, if there is a brisk wind, by which 
the particles of the water are abraded and carried 


anto. the atmosphere: as water, when agitated, will 


take up the particles of earth or mud from the bottom, 
and keep them asunder as long as the agitation con- 
tinues, though the earth would have remained at the 
bottom as a Sediment, and the water would haye been 
transparent, if it had been undisturbed. 

There are many operations carrying on in the 


er of Providence, which, though mw escape 


% 
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*+he- common observation of our senses, excite our 


ustonishment when once discovered. One i instance 


of this kind we have in the water which is raised 


into the atmosphere from the surface of the earth. 
Would you have conjectured, that an acre of ground, 
after having been parched by the heat of the sun in 
summer, dispersed into the air above 1,600 gallons 


ol water in the space of twelve of the — hours - 
of the day? The experiments from which'this fact 


was deduced by Dr. Matson, Bishop of Landaff, are 
$0 easy, that you may easily satisfy yourself with the 


truth of the conclusion. He put a large drinking 
glass with its mouth downwards upon a grass plat, 

which was mowed close, at a time when there hac 
been no rain for above a month, and the grass was 


become brown; in less than two minutes the inside 


of the glass was clouded with vapour, in half an hour 


drops of water began to trickle down its inside in 
various places. 'The experiment was repeated se- 


. veral times with the same success. 


Io estimate the quantity thus i in any cer- 
tain portion of time, the bishop measured the area of 
the mouth of the glass, and found it to be 20 square 


inches: there are 1,296 square inches in a square 


_ „and 4,840 square yards in an acre; therefore, 
y measuring the quantity of vapour raised from 20 


square inches of ground in one quarter of an hour, 


it will be easy to calculate the quantity which would 


be raised with the same degree of heat, from an 


acre of ground in twelve hours. When the glass 


had stood on the grass plat one quarter of an hour, 


and had collected a quantity of vapour, he wiped the 
inside with a piece of muslin, whose weight had 
been previously ascertained; as soon as the glass was 
wiped dry, the muslin was weighed again, the in- 
crease weight shewed the quantity of vapour 
which had been collected; the medium increase of 
weight from several experiments made in the same 


——— 
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day between twelve and three o'clock, was six grains 
collected in one quarter of an hour, from twenty 
square inches of earth. If you take the trouble of 
making the calculations, you will find that above 
1,600 gallons, reckoning eight pints to the gallon, 
and estimating the weight of a pint of water at one 
pound avoirdupoize, or 7000 grains troy weight, 
would be raised at the rate here mentioned from an 
acre of ground in twelve hours. Re the ex- 
periment after a thunder shower, he found that an 
acre parted with above 1,900 andere in 
twelve hours. 

This evaporation is carried on not only from the 
ground itself, but from the leaves of trees, grass, 
&c. with which it is covered; and great part of 
the water thus raised, falls down again in dew in 


. the night-time, being absorbed by the same vege- 


tables which yielded it before. Thus the earth is 
not so soon exhausted of moisture, even for a little 
way below the surface of the earth, as we might be 

apt to imagine, from the quantities raised by evapo- 
ration. Perhaps, eee e use of marles and 
manures may be to render the soil, on which they 
are put, ln 
summer. There are many sandy and me- stone 


soils, which are covered all over with flints or lime- 


stone pebbles; the crop of corn would probably 


be less, if these stones were removed; for they are 


serviceable, not only in sheltering the germs of the 


may be much doubted; but that moisture arising 
from earth or water in a state of putrefaction, is so, 
cannot well be doubted. The overflowing of the 
Nile puts a stop to the plague, probably as it puts 
oe 
3 Agues and putrid ſevers 


gant, but in impeding the escape of moisture from | 
o Whether a merely. moist soil be mnwholecame, 


6 


are much more 


W ben you bring a cold vessel into a warm room, par- 
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t in the ſens of Cambridge- 
8hire and Lincolnshire in ve ary than in wet years. 
The Irish, who; come annually to reap: the harvest 
in these aus are 50 sensible of the difference, that 
when there have been three or four dry seasons to- 
. they enter upon their task with reluctance, = 
| what they 8 the ſen- shake. In 1748, 
e States of Holland ſaid the country around Breda 
under water, to be kept up till the winter, to stop a 
sickness, which had arisen from the moist and pu- 
trid exhalations of half-drained grounds. 
Upon the theory of 8pontaneous evaporation, 
of the common appearances in — A Fre 


ticularly where many people are assembled, the — 
side will soon be covered with a sort of dew: the 
reason is obvious; the air is filled with vapour, par- 
ticularly from the lungs; this meeting with the cold 
vessel 1 the fire enters to restore the 
equilibrium, and quitting the vapour, this is depo- 
sited in its fluid state on the outside of the vessel. 
ing a course of cold weather, the stone pave» 
ments, the walls of a house, and other solid N 
are deprived of a part of their fire; on a change of 
weather, when the warmer air enters the house, the 
fire enters these bodies to reduce them to the general 
temperature, and its the vapour on the surface in 
its passage. In a frosty night, when the air abroad 


is colder+han the air within, the dampness of the in · 


ternal air settles on the glass panes of the 
and is frozen wikhanaide | in beautiful _ 


w 


or TUE ABSORPTION OF FIRE BY COLOURED - 
| SUBSTANCES. | 


You Ant has ths a ann mod 
use of for the admeasurement of heat, are founded 


on the general principle, that different substances 


— — —— 
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| abvorb fire 1 in greater or less quantities; this will bs 


further illustrated by a few plain facts, which Tam 
now going to relate to you. In the reception of heat 
from the rays of the sun, much depends on the sur- 


face' of bodies; those that reflect much light imbibe 


heat slowly, so that the same body, when polished, 
is heated with more difficulty than When it is rough: 


but the greatest difference arises from the colour of 


the surface; this was first pointed our by Mr. Boyle, 
and since by Dr. Frankhn. I 
It is the property of white bodies 10 reflect light, 

and of black ones to admit or absorb it; therefore, 
black bodies grow hot in the same situation where 
white ones are but little affected. To illustrate this, 

Dr. Franflin placed on the surface of sno] several 
pieces of cloth bf the same texture, but of different 


colours, so as to be exposed to the ra s of the sun; | 


in a few hours the black cloth was buried in the 
snow, while the white remained on the surface. 
M. De Saussure relates, that the peasants of the 
mountains of Switzerland are careful to spread a 
black earth over the surface of grounds covered with 
snow, when they are desirous of melting it to sow 
the seed. White cloaths, whatever be their sub- 
stance, are always cooler, when exposed to the sun, 
than black of the same texture. If the wall at the 


back of a fruit tree be painted partly white and partly 


black, the fruit on the * t will be — 
than the other. Dense bodies have also an advantage 
over rare ones; lead, painted black, will receive more 


fire from the sun, ond be hotter than wood of the 


game colour. The difference occasioned by colours 
of the same substance is greater than would be ex- 
pected, as you may easily ascertain, by observing 


the height to which a thermometer, with a black - 


ened ball, will rise, when compared with one whose 
ball is of clear glass; when these are exposed to the 
** the 0 will sometimes amount to ten 


LA TT I A none 


degrees, vs 
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ying with the brightness of the light, and 
clearness of the air; when exposed to strong day- 
ed; the thermometer with the blackened ball 18 
ays somewhat higher than the other. Both ther- 
— — being placed at about two inches from a 
lamp, the coloured thermometer was always 'some= 


whit higher than the uncoloured one; but at four- 


teen or fifteen inches distance, the ere v 
nished. | 4 
The observation, that different e 
different degrees of heat, has by some French writers 
been attributed to Pr. Franklin; whatever merit 
there may be in the discovery, it will appear from 
the following extract, that Dr. Franklin has said no- 
thing on the subject, but what had been previously 
mentioned by the great Boerkaave. Indeed, every 
one Who wishes to comprehend the wonders that 
themselves im a natural history of fire, should 


read Boerhaaves incomparable discourse thereon; 


In Boerlaave also, we find a man who was so far 
from being made impious by philosophy, or vain by 
knowledge or by virtue, that he ascribed all his abi- 
ties to the Dy and all his virtues to the gow 
ness of God. 

- 4 Tf fire,” Says he, « be etna I he sun 
on the blackest Town bodies, its heat will be long 
retained therein; hence such bodies are the soonest 
and the most heated by the same fire, as also the 
quickest dried, aſter having been moistened with 


water; they also burn much the readiest. Let a 
1 of cloth be hung in the air exposed to the sun, 


of it dyed black, another part white, another 
— &c. the black part will always be found to be 


the hottest, and to be so sooner than the others; 


the white acquires heat slowest, the rest in be. 
tion as their colours are brighter or weaker. 
This was well known to the nations who inhabit 


this halten clinajes, where Werber mene if of's 


| 
| 
| 
| 
: 


MT Asen Tron ov bine 


the body best . 
fromt the heat of the sun, while black ones increase 
that heat. It has also been observed by the makers 


of woolen cloth, that if at the same time and place 


they hang out two wet pieces, the one black, the 
other pore th the former will smoke and dry quickly, | 
but the latter retains its water longer; and that 
cloths of other colours dry so much the lower nal 


Wear colours are lighter. 


Its has also been long observed, chat all black 
bedava sooner kindled and set on flame by the 
aume fire, than those of any other colour. The dust 
of the white touch-wood will hardly take fire, whereas 
if some be placed on a black coal, and a spark struck 
upon it, the dust thereof will readily receive and 

| the fire. If a piece of white paper be! laid 
in the b abs a burning glass, it will be a long time 
before it takes ſire; and as soon as kindled, quits ita 
whiteness, turns brown, and then black; immedi- 
ately after which it bursts ont in flame; whereas if a 
piece of black paper be laid on the ame . p 
immediately takes fire. 
A black soil burns the feet, but e the: epdid 
walking on a white one scarce warms the feet, but 
 troublesome to the eyes: the same may be ob- 
served with regard to paintings and hangings. Hence 
may take a hint for making proper shades ta 
eep heat from the body, and the blaze of light from 
the eyes. Thus, covers for the head, white on the 
outside, but the lower brim black, afford a great 
relief to the head in a scorching season. 

By considering these facts, we may account for 

some phenomena that have been long noticed, vis, 


chat the highest parts of the air are the coldest, and 


the contrary, On the Alps, Pyreneans, &e. the ice 
and snow rise higher than the clouds, and seem to 
increasc: This, Dr. Black accounts for in the follow- 


ing manner. Though the zun appears to. be the 


i you 
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wuree of heat in the globe, yet its rays do not heat 
a body that is perfectly transparent; when the body 
is not perfectly trans „ and reflects some few 
of the rays, it is somewhat heated, though not in 
comparison with an opake body; hence black bodies 
are soonest heated. If a burning glass be so placed, 


that the focus falls a little below the surface of 


tome transparent water, the water will not be heated: 
u plange a stick into this part of the water, the 
interior parts will be immediately burnt to a coal, the 
surrounding water preserving the exterior parts. As 
the rays of light do not heat transparent bodies, theß 
have ſittle effect upon the air; the upper part is more 
transpa than the lower, and the lower parts 
receive almost all their heat in a secondary manner by 
reſlexjon. The atmosphere may be considered as 
consisting of very eccentric pers, the lowest being 
the densest; they are rarefied. a little by heat, but 
are compressed by the superior strata. I have before 
observed to you, that a hot body placed in vacuo 
loses its heat; the heat of the lower strata is there- 
fore preserved by the compression of the superior air 
on the surface of the earth, where it is intended to 
act. The coldness of the air condenses the vapours, 
and causes them to fall in showers, upon which the 


life of vegetables depends. You may hence perceive 


the use of planting the higher parts of a country: as 
green-houses made of glass receive the heat trans- 
mitted through it, but confine the air in them when 
heated, 80 these plantations prevent the lower moist 
strata being removed, which, when the land is naked 
and exposed, are quickly carried away by scorching 
455 or IGNITION. 


Bodies in certain degrees of beat appear luminous 


A body which is thus rendered luminous, is said to be 


ignited, and the effect itself is called ignition. 


" * . 
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- The nature of the connection between light and 


heat, we have not yet been able to ascertain; they 
are both effects of fire, effects, however, that may be 


separated; but that there is a connection, is mani- 


ſest: the stronger the light is, the more intense we 
find the heat; and the weaker the light, the fainter 

will find ene FE ot fs hh 
The degree of heat-in which bodies begin to be 
laminous, or emit light, is thought to be- fixed, not 
only in respect to the same body, and to all times, 
but also to different bodies. Put into a crucible a 
number of different substances that are capable of 
bearing a red heat, apply heat properly thereto, and 
vou will find that they all begin to be luminous at 
the same time, and as the heat is increased, they as- 
sume a deeper or a ſainter colour. We have indeed 
no standard for estimating the beginning or lowest 
degrees of ignition; the only standard is the organ 


of sight, which is differently affected as the circum- 


stances differ; besides, we cannot be sure that we 
perceive the lowest degrees of light, for we know 
that other animals see objects with such light as ap- 
pears perfect darkness to us. A person coming out 
of a room full of, candles into a place ee 
lighted, will think it quite dark; on the other hand, 
one who is long confined to a dark room, will find 
his eyes dazzled by a weak light. 8 

That ignition is a universal effect of fire, may, I 
think, be fairly concluded, from the variety of bo- 
dies in which it is found to take place; for, although 
many substances have never been rendered luminous, 
yet it would be unphilosophical to say that they are 
incapable of ignition, because the degree of fire ne- 
cessary to ignite them is more than sufficient to 
convert them into elastic vapour. Even water, which 
in its natural state seems very little capable of en- 
during so great a degree of heat, may with the as- 


zistance of mechanical pressure, be rendered so hot 
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as to melt lead, tin, and other bodies, a heat not 
much inferior to the lowest degrees of ignition; 
steam from water in the eolipile is said to have been 
ignited. Dr. Black has also seen the vapour of water 
so heated, by being thrown into the ash-pit of a 
furnace, as to produce in rising through the vent a 
very transparent flame. 


OF COMBUSTION. 


Combustion is an effect also of fire, though not 
quite so universal as the preceding: it is not easy to 
convey an accurate idea thereof by a definition, as it 
is a collection of various phenomena, which take 


place in the operation of fire on inflammable sub- 


stances, the principal of which are a continuance or 
augmentation of heat, an agitation or intestine mo- 
tion, the emission of light generally in the form of 
flame, and a total change in the matter burned: 
here fire overcomes its fuel, breaks its nature, alters 
its state, and changes it into flame and light. 
Combustion has been distinguisbed into three 
states; inflammation, ignition, and detonation. 
Inflammation takes place when the body or parts 
thereof are either in an aeriform state, or can be 


raised into vapour by the simple heat of combustion; 


and the flame is greater in proportion as the com- 
bustible body is more volatile. Thus the flame of a 
candle is kept up by the volitilization of the tallow 
or wax, which is effected by the heat of the com- 
bustion. 1 | 
Ignition takes place when the combustible body is 
not in an aeriform state, nor susceptible of assuming 
that state by the heat of combustion. | 


Detonation is a speedy and rapid inflammation, ' 


which occasions a noise by the instantaneous forma- 
tion of a vacuum. 
VOL, I 0 , C C 
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There is no phenomenon in nature which has 
more en * attention of philosophers, nor 
which has more puzzled them to account for, than 
combustion. The most opposite and contradictory 
theories have been invented to account for it, but in 
a very unsatisfactory manner; some light has been 
thrown on it by the discovery of dephlogisticated, 
ure, or vital air. 
You will observe a great difference in eombustible 
bodies; some burn briskly with a luminous flame, as 
oils, woods, resins, bitumens; others burn without 
sensible flame, as many of the metals, and charcoal, 
if well made; others consume slowly without sensi- 
ble ignition, though with heat, as in certain sub- 
stances. In all these cases, when the combustion is 
over, the body burned is reduced to a substance of 
quite an opposite nature, which cannot be subjected 
again to the same process, being quite uninflamma- 
ble; it may, indeed, be cooled and heated in the 
usual manner, but is no longer inflammable. Such 
is the nature of inflammable bodies, that when heated 
to a certain degree, they not only become hot, but 
by proper management they may be heated to any 
degree; and the heat which is thus generated, may 
be communicated to other bodies without any loss 
of heat to the inflammable bodies. | 
The residue of the combustion is always heavier 
than the body itself before it was burned, as is more 
particularly the case in those that are fixed, not 
volatilized in the fire. Some substances scem to ba 
an exception to this, as in the open air they burn 
totally away, without leaving any residuum, or 3 
residuum less weighty than the original substance. 
This, however, will not be found to invalidate in 
the least the position in question; for, on a careful 
examination, you will find that so far from a total 
consumption, there is not any consumption at all; 


= 
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required to support combustion. 
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the substances would indeed seem to be annihilated, 
if you do not bring the volatile parts into the ac- 
count. Spirit of wine and ether burn without leav- 
ing any residuum in the vessels that contain them, 
the matter they consist of is volatilized and dis- 
persed; but if proper means are used to collect the 


product, it will be found in general to exceed the 


weight of the matter employed. The residuums of 
combustion may, therefore, be distinguished into 
two: 1. Those whose results are fixed. 2. Those 
which afford volatile and fugacious substances. In 
the first case, where metals are calcined, oils ren- 
dered rancid, and in the production of certain acids, 
tuch as the phosphoric, vitriolic, &c. the increase of 
weight is easily ascertained. In the second, it is 
indeed more difficult to weigh all the results of 
combustion, and, consequently, to ascertain the aug - 
mentation in weight. Yet, if the combustion be 
made in inverted vessels, and the whole of the pro- 
ducts be collected, it is found that they are aug- 
mented in weight: their augmentation of weight is 
strictly proportional to that of the air they absorb. 

In order to ascertain combustion, or detain and 
establish a source or circulation of fire in the same 

ce, it is necessary, First, that fire reside in some 
solid or fluid matter. Secondly, that the air be 
freely admitted to it. Thirdly, that to introduce 
fire into the combustible body, it must be heated to 
a certain degree. 

That the first and third circumstances are neces- 
sary, is self- evident; for, without fire there can be 
no combustion, and without heat applied you could 
not produce that fiery commotion by which phlogis- 
ton is disengaged, and the surrounding air is decom- 
posed. It 1s scarce necessary to prove that air is 


t us inflame this spirit of wine, and then ꝓut 
over it a receiver containing only a mall quantity of 
; CC 2 
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air, and you see how soon the inflammation ceases, 
Plunge that bright burning piece of charcoal into 
this vessel, which contains highly rectified spirit of 
wine and you see it is as effectually quenched, as if 
it were plunged into water, If you take another 
coal, and dip it in the spirit, so that part remain 
above the surface, the spirit will then catch fire; but 
still the flame will confine itself to the surface, acting 
only on those parts of the fluid which are contiguous 
to the air. You have seen that a candle that burns 
briskly in the open air, will soon be extinguished 
under a receiver, 

On the other hand, you know that fire is quick- 
ened by a blast of air; and it is an established law of 
nature, that as soon as fire begins to spread itself, a 
stream of air rushes in from all sides to support it; 
and the larger the fire is, the sharper is the in- 
draught of air; so that combustion is the joint action 
of fire and air: between these a double motion is 
maintained an expansion outwards, and a pressure 
inwards. That there is an action outwards, is evi- 
dent, 1. From the heat propagated through the air, 
which at a considerable distance from the fire itself 
will act as fire, and inflame bodies, when it is re- 
flected from a concave speculum. 2. From the 
shadow which an opake body casts behind it by in- 
tercepting this matter. 3. The continual current 
of air in a contrary direction; a silk handkerchief, 
or any other light body, held near a fire, will be 
carried into it; and the rushing of the air through 
all the joints and apertures of the doors and windows 
of a room, heated by the fire, is sensibly felt. 


OF THE NATURE OP ATMOSPHERIC AIR. 


We must now for a moment proceed to the con- 
sideration of atmospheric air: this you must have 
already concluded to be a mixture of every substance 


* 
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capable of retaining an aeriform state in the common 
temperature, and under the usual pressure it experi- 
ences. These fluids constitute a mass in some mea- 
sure homogeneous, extending from the surface of the 
earth to the greatest height hitherto attained, of 
which the density continually increases in the inverse 
ratio of the superincumbent weight. It is my in- 
tention here to give you some account of the com- 
position of the inferior stratum of air which we 
inhabit. Modern chemists have made great ad- 
vances in this research, and atmospherical air has 
been more rigorously examined than any other sub- 
stance of this class. | | 
They endeavour to prove that atmospheric air 
consists of two aeriform fluids, one of which is ca 
ble, by respiration, of contributing to animal life, and 
in which metals are calcinable, and combustible 
bodies will burn; while the other is endued with 
directly opposite qualities; it cannot” be breathed by 
animals, neither will it admit of the combustion of 
inflammable substances, nor of the calcination of 
metals: the first of this is called pure vital or de- 
phlogisticated air; it is compounded of a peculiar 
principle of fire, to which last it owes its aerial form. 
The first principle unites with the combustible body, 
and by that means changes its nature and adds to 
its weight, while fire is disengaged in heat and light. 
The other principle, or constituent part of vital air, 
always forms acids by uniting with combustible bo- 
dies, and has therefore been called by M. Lavoisier 
the. oxyginous or acidifying principle:* the nature 
of this air will be more clearly apprehended when I 
treat of elastic or aeriform fluuds, It has been com- 


* 'This is according to the modern French theory, some parts of 
which I now think dubious, and other parts errone6us, as will: be 
cen in the course of these Lectures, X 
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puted from observations, that pure air constitutes 
about one-fourth part of our atmosphere; and that 
this small part alone is considered as the principal 
agent in combustion. e 

Let us now consider the principles on which fire 
is supported by air; these we shall find to be; First, 
its pressure, which keeps the fire together in a body, 
and 3 its dissipation; by this effect of the air 
the fire is concentrated, and its splendor much in- 
creased. You have seen that the electric spark is 
bright and vivid as lightning when it explodes in the 
air, but that it exhibits only a faint diluted silent 
stream in vacuo. I have also shewn you how soon 
the fire with which water is impregnated escapes, 
and how soon it cools in vacuo. The outline b 
which the flame of a candle is so well defined, can 
only be attributed to a pressure which acts equally 
on every side; and this pressure can be no other 
than that of the air, as you may easily convince 
yourselves by carrying the candle forwards, when 
you will find the side of the flame that meets the air 
will be bright and well defined, but the side that 
follows will be more ragged and diluted. 

This sight is so familiar that we pay but little 
attention to it; yet it is matter of astonishment, that 
a fluid so weak as fire might be supposed to be, on 
account of the infinite subtilety of its parts, and 
whose existence has been denied by some, because 
they cannot weigh it in a pair of scales, should be 
expanded itself, and expand the air with that force 
which experiment demonstrates. 'To illustrate this, 
let us suppose the atmosphere pressing upon the 
flame of a candle with half its force, that is, with a 
weight equal to seven pounds on every square inch; 
if there be a sphere of such flame, whose diameter is 
one foot, the air would compress its surface with a 


force equal to 3164 pounds, yet fire maintains its 
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dimensions with ease against a compressive power, 
which seems more than sufficient to drive it back to 
its central point. ap 

Secondly, the uniform pressure of the air on the 
substance is changed, and an mflux thereof occasi- 
oned by the heat first applied to the combustible 
body, by which influx a continual supply of fresh 
air is procured; between the impulse of this towards 
the center of the fire, and the continual expansion 
of the fire outwards, a considerable agitation is o- 
sioned, which facilitates the combustion: the more 
violent the re- action of the air is made, the greater 
is the action of the fire upon the air. 

Thirdly, experiment now clearly proves, that the 
ancients were right in the opinion which they uni- 
versally maintained, that air supports fire as a pabu- 
lum, that is, that it actually parts with some of its 
substance to supply fresh matter, which inereases, 
and becomes part of the fire. In the conflict be- 
tween the air and the fire, the fire is increased and 
the air diminished; for, as fire acts upon air, so air 
re- acts upon fire: the latter of these is well known, 
the former will be evident from experiments. 

You may shew that air is diminished by the pro- 
cess of combustion, by throwing the focus of a burn- 
ing lens on the combustible body, when contained 
in a glass receiver inverted in water; when the appa- 
ratus is grown cold, the water will be seen to rise up 
a short way into the receiver. I have already shewn 

ou in Lecture V. the diminution of air when candles 

urn under a receiver, Here are some receivers 
with mercurial gages adapted to them; to render this 
effect more sensible, you have only to take care and 
place the receivers as expeditiously as possible over 
the matters already kindled. We will place this 
receiver Over this piece, and you will obserye the 
same effects you noticed when we tried the flaming 
candle; the gage is first depressed, and then rises 
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about an inch and an half. From these experiments 
it appears, that the larger and brisker the fire in 
equal spaces, let the fuel be what it will, the greater 
is the consumption of air; and, though different 
kinds of fuel may occasion some critical differences, 
— general effect is from the air, and not from the 

el. 1 5 | B #447 (1h £ x4 

I may now attempt to shew you what portion of 
air is absorbed, and which part of it furnishes 80 
much assistance in the combustion of bodies. You 
Have already seen that fire, when in a state of com- 
bination with any substance, does not give any signs 
of heat; and that the heat is greater, and its effects 
more rapid, in proportion as more fire is set at liberty 
and disengaged. I have also told you, that atmos- 

heric air is formed of two aeriform fluids; one of 
which, vital air, is necessary to combustion, and 
without which it cannot be carried on, while the 
other, phlogisticated air, is altogether improper for 
combustion: to the former of these then, or pure 
vital air, we must look for assistance furnished in 
combustion, and the air absorbed. You know also 
that every aeriform fluid is such, principally on ac- 
count of the fire combined with its base; now, pure 
air contains a great quantity of fire combined with 
its base. In the act of combustion there is an influx 
of air to the heated body, at the same time that the 
heat applied to the combustible substance puts in 
action the fire contained therein, breaks its union 
with the substance, and weakens the aggregation of 
its parts; the fire from without, or in the air, unites 
with the fire disengaged from the substance; the pure 
air is thus decomposed, its base or oxygene unites 
with the burning body, while the fire, being also 
disengaged, is united. with the fire that commenced 
the infſammation! From hence there results an 
augmentation of heat, which disposes a great num- 
ber of particles of the burning body to combine with 
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icles furnished by the air, with which it is conti- 
nually supplied, and without this supply the fire 
would go out. In this separation of the air, the fire 
combined with it escapes, and manifests itself by its 
usual characters, heat, light, and flame; and. the 


more parts that are combined and fixed in a given 
time, the more fire will be disengaged, aud the 
more rapid and brilliant will be the inflamma- 


tion. 


In all combustion vital air is s decomposed, fire dis- 


engaged, and consequently heat produced. The 
heat is greater or less according to the nature of the 
burning body; for according to the experiments of 
Messrs. Lavoisier and De 7, Place,. one ounce of 


charcoal consumes in burning 4037.5, cubic inches 
of vital air, and forms 3021.1 inches of fixed air. 
This ounce of charcoal consumes then three ounces 


four grains of vital air, and forms three ounces five 
grains of fixed air. 
From what has been said, it appears clearly, 


1. That combustion is eminently promoted by vital 


air, which maintains combustion. 2. That the more 


fire is disengaged, the stronger will be the heat 


produced. . 3. That the best method of producing 
violent heat consists in burning bodies in the purest 
air. 4. That fire and heat must be more intense as 


the air is more condensed: and, 5. That currents 
of air are necessary to maintain and expedite com- 


bustion. 
You may from these principles easily account for 


the effect of the Argand or cylinder lamps; the 


current of air which is renewed through the tube, 
supplies fresh air every instant, and by continually 


supplying a new quantity of vital air to the flame, 


a heat is produced sufficient to ignite the smoke. 
In the same manner you may account for the ve- 
hement a- action of a blast of air upon fire and the parts 
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of fuel. Some metals melt more easily than others; 


iron is a metal which requires for fusion the utmost 
violence of fire: notwithstanding this diffieulty, let 
a bar of iron be laid in a smith's forge, till it has got 


what they call a white heat; when it is as bright and 


parking as it can be made, let it be taken out of 
the fire; then let a blast of air from a common pair 
of bellows be strongly blown against the heated ex- 
tremity of the iron, which, instead of being cooled 
by the blast, will become more white and shining 
than before, till by degrees it rolls about in a liquid 


form, sending out brilliant sparks in all directions, 


and falling with frequent drops to the ground. If a 
cannon bullet be heated in the like manner, by a 
large pair of forge bellows, it affords a glorious 
spectacle, which can be conceived only by those 
who have seen it; the eyes are dazzled with the 
Sight as when we look upon the sun. 

The smiths, whose business lies at the forge, are 
so well acquainted with this effect of a blast of air 
against ignited iron, that they cautiously avoid ex- 
poung the metal too near to the nose of their bel- 
lows. A fire-man, who is but green in his profes- 
sion, is very apt to be catched with this accident 
from his bellows, by which he utterly spoils the stuff 


he works upon, by giving it what they call the wind 
rot. In these rapid combustions, the same quan- 


tity of heat and light is produced in a second of time, 


* Six parts of bismuth, three parts of tin, four parts of lead, 
melted together in a crucible or iron ladle, produce a metallic sub- 
stance that will fuse with only the heat of steam or vapour, issuing 
from the boiling water of a kettle or other vessel, a small piece 
being previously wrapped up in eloth ſor that purpose. An inge- 
nious friend has oftentimes found its ready assistance in closing 
apertures of metallic domestic or other utensils. He applied a little 
powdered resin previously to the hole, then with the heated end of 
a fire poker took up a small quantity of this fused metal, and ap- 

"plying it instantly to the hole, closed it in a ound manner. Ebrr. 
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as in the ordinary methods would require a much 


longer time. | 

Phis ou will see pleasingly and most brilliantly 
exhibited in the next experiment, first made by 
Dr. Ingenloux. I take this piece of fine iron wire, 
twisted into a spiral; I fix one of the extremities to 
the cork at the top of the bottle, and to the other 
extremity a piece of tinder; I now fill the glass jar 
with vital air,“ light the tinder, and introduce it 
and the wire as expeditiously as I can into the jar, 
stopping it with the cork, The moment you see 
the tinder comes in contact with the vital air, it 
begins to burn with intensity: it has now com- 
municated the inflammation to the iron wire, which 
has taken fire; observe how rapidly it burns, and 
what brilliant sparks it throws out; these fall to the 
bottom of the jar, and though they become black 
in cooling, yet they retain a degree of metallic 

lendour. The iron thus burnt is more brittle 
than glass. hi | | 
With the aid of vital air Professor Lichtenberger 
soldered the blade of a knife to a watch spring. 
Messrs. Lavorsier and Erhmann have subjected al- 
most all known bodies to the action of fire main- 
tained by vital air, and have produced effects which 
the burning glass could not have operated. 

Mr. Foster, of Gottingen, found the light of the 
glow-worm so beautiful and bright, in vital air, that 
one single insect afforded light sufficient to read a 
book printed in a small character. 


OF PLAME. 


This is in general considered as a luminous va- 
pour, or in other words, as the vapour of a substance 


* Dephlogisticated or oxygene air, as now called by the mo» 
dern chemists. The method of making it will be given in Lec- 


ture XI. Evir, 
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raised by fire, and heated to such a degree as te 


emit light copiously. Ae e 
Bodies are — of emitting flame only in pro- 
portion to the quantity of vapour that rises from 
them: thus wood, coals, &c. which emit a great 
quantity of vapour, flame violently; while lead, tin, 
&c. which emit but a small fume, can scarce be per- 
geved to flame at. ll. 8 
To this rule there are, however, some exceptions; 
some vapours seem to be in their own nature unin- 
flammable, and capable of extinguishing flame, as 
those of water, as the mineral acids, sal ammoniac, 
arsenic, &c. while others, spirit of wine, &c. take 
fire on the slightest approach of a flaming sub- 
stance: the last exhibit a remarkable phenomenon, 
as they cannot be made to flame without the ap- 
proach of some substance previously in flames: thus, 
spirit of wine poured on a red-hot iron, though im- 
mediately dissipated in vapour, will not flame; but 
if a burning candle touch its surface, the whole is 
set in a flame at once. The case is however other- 
wise with oils, especially of the grosser kind, for 
their vapours will be readily changed into flame by 


the mere increase of heat, without the approach of 


any flaming substance. 1 

There is probably, however, no kind of vapour 
but what may be converted into flame, provided it 
be exposed to a sufficient degree of heat. Even the 
vapour of water, made to pass through burning 
coals, is said to produce a bright strong flame. It 
has been conjectured, that when smoke is converted 
into flame, the latent fire, which has been combined 
with the vapour, is disengaged, and adds to the 
quantity of sensible heat already manifested. 

If a vessel full of oil be set over a fire, a smoke or 
vapour begins to rise from it, which grows gradually 
thicker and thicker, and at last begins to shine at 
some places near the surface of the oil; the heat 


0 
1 
7 
| 


J ˙ 1 tia AR... 


$ ay 2 * 4. 47 23. 2 1 
OF THE FLAME OP CANDLES. 413 


does not exceed 400 degrees of Fahrenheit: but if a 
lighted candle be held in the steam for a moment, the 
5 is immediately converted into flame with 
something like an explosion, after which the oil burns 
quietly until it is all consumed. 


OF THE FLAME OF CANDLES, 


This subject has been already very well consi- 
dered by Mr. Nicholson,* from whom we find that 
wax, being already combined with a portion of vital 
air, does not burn with ſo luminous a flame as tallow 
or oil; but that it possesses a very great advantage 
in the fabrication of candles, because it requires a 
greater degree of heat to melt it than either of the 
other two substances. N 

To understand this advantage, you must consider, 
that oils do not take fire unless they be previously 
volatilized by heat: the oil rises between the fibres 
of the wick by what is called capillary attraction. 
Heat is e to the extremity of the wick, which 
volatilizes and inflames a portion of the oil; as this is 
dissipated by combustion, another portion rises and 
supplies its place, by being heated and inflamed: in 
this way a constant combustion is maintained. A 
candle differs, however, from a lamp in one very es- 
sential circumstance, that the tallow is liquified only 
as it comes to be in the vicinity of the conflagration, 
and this fluid 1s retained in the hollow of the part 
which is still concrete, and forms a kind of cup. To 


carry this fluid off as fast as it is formed, it is neces- 


sary to have a thick wick, otherwise the oil will run 
down the sides of the candle; but as wax is not 80 
fusible as tallow, the wick of a wax candle may be 
made much thinner than one made of tallow. 


- # Nicholson's First Principles of Chemistry, 1796, p. 317. 
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Let us observe the difference in the appearances 
produced by a thin and a thick wick. You observe, 
that in this candle with a thick wick, snuffed short, 
the flame is perfect and luminous, which will be the 
case, unless the diameter be very , when there 
is an opake part in the middle, and where the com- 
bustion is impeded for want of air. As the wick 
becomes longer, the space between the top of the 
wick and the top of the flame is diminished; conse- 
quently, the oil passing off at that extremity, having 
less space of ignition to pass through, is not so com- 
pletely buthes, and passes off partly in smoke: this 
evil continues to increase until at length the upper 
part of the wick projects beyond the flame, and 
forms a support for an accumulation of soot, which 
is afforded by the imperfect combustion. A candle 
in this situation affords scarcely one-tenth of the 
light which the due combustion of its materials 
would produce; and tallow candles, on this account, 
require continual snuffing. But on the other hand, 
if you observe this wax candle, you observe, that as 
the wick lengthens, the light indecd becomes less, 
and the cup 1s filled with melted wax. The wick, 
however, being thin and flexible, , does not, as you 
see, long occupy its place in the center of the flame, 
neither Bs it, when there, enlarge the diameter of 
the flame, so as to prevent the access of air to the 
internal part; but bending on one side, when its 
length is too great ſor its vertical position, its extre- 
mity comes into contact with the air, and is burned 
to ashes, excepting only so much as is defended by 
the continual afflux of melted wax, which is volati- 
lized and completely burned by the surroundin 

flame. We see, therefore, that the difficult fusibi- 
lity of wax renders it practicable to burn a large 
quantity of fluid by means of a small wick; and that 
this small wick turning on one side, in consequence 
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of its flexibility, performs the office of snuffing itself 
in a much more accurate manner than it can ever be 

rformed mechanically. | 

When a candle is for the first time lighted, 
which must be done by the application 'of actual 
flame, a degree of heat is given to the wick, suffi- 
cient first to melt, and next to evaporate the tallow 
surrounding its lower surface; and just in this part 
the newly generated vapour is, by admixture with 
the air, converted into a blue flame; which almost 
instantaneously encompassing the whole body of the 
vapour, communicates so much heat to it, as to make 
it emit a yellowish white light. The tallow now 
liquified, as fast as it boils away at the top of the 
wick, is, by the capillary attraction of the same wick, 
drawn up to supply the place of what is evaporated. 
The congeries of capillary tubes, which form the 
wick, is black, because it is converted into coal; a 
circumstance common to it with all other vegetable 
and animal substances, when the oil which enters 
into their composition having been decomposed by 
combustion, the more fixed part is by any means 
whatever covered and defended from the action of 
the air. In this case, the burning substance owes its 
protection to the surrounding flame. For, when the 
wick, by the continual wasting of the tallow, be- 
comes too long to support itself in a perpendicular 
situation, the top of it projects out of the cone 


formed by the flame, & and thus being exposed to the 


action of the air, is ignited, loses its blackness, and 
is Run converted into ashes. 

he of the flame, which comes into contact 
with the air, appears of a blue colour. The inner 


part of the flame differs from the outer, in being 


* The reason of the conical shape scarcely requires an - 
tion. The necessary influx of the air, to supply the flame, na: 


converge it at the apex, where there is the least expanded body of 
flame, or greatest degree of rareſied air. Korr. 
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much denser, and emitting a strong yellowish white 
light, which has been called the light of ignition; 
while, on the other hand, the blue has been supposed 
to constitute the light of inflammation. These two 
parts of the flame, differing not only in colour, but 
almost in every other property, ought to be discri- 
minated from each other by different epithets. The 
interior part may be considered as, what it really is, 
an ignited body, and the light emitted by it may be 
called the light of ignition; while. that proceeding 
from the exterior portion, may be denominated the 
light of combustion, for it is properly in this part of 
the flame, that the process of: combustion 1s carried 
on, and by that means a tertium quid produced; the 
succeeding phenomena being rather sequels to, than 
making part of this process. When more vapour 
ascends than can combine with the air in a given 
time, the remainder, by the continued action of the 
blue flame surrounding it, suffers an accumulated 
degree of heat, and is ignited. 


OF PHLOGISTON.* 


It will be proper here to take notice of a prin- 
ciple which modern chemistry assumes, as neces- 
- Sary to the existence of inflammable bodies, as that 
which renders them such, or in other words as the 

rinciple of inflammability. The French chemists 
— indeed lately attempted to prove from the pro- 
duction of water, when inflammable and vital air 
are mixed in due proportions, and kindled in a close 
vessel, that there was no such principle as phlo- 
giston; and they have endeavoured to propagate and 
maintain their inference by coining new terms, and 
forming a new language, to render their opinions 


* This principle will be considered more fully when we treat of 
elastic fluids, | | 
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universal, and subjugate the mind of man to their 
tenets: How far there is any foundation for their 
discarding phlogiston, reasoning from their own ex- 
periment will be, I hope, rendered evident by the 
following part of this Lecture, which is principally 
extracted from Dr. Hutton's Dissertations on different 
Subjects of Natural Philosophy. 

If you wish to see the errors in their reasoning, 
the falsity of their principles, and the vanity and 
weakness of their assumptions fully proved, I must 
refer you to the excellent letters published by 
M. De Luc, in the Journal de Physique for 1790, 
1791, and 1792. . 

Not content with the discoveries they had made, 
they have endeavoured to explain combustion upon 
a misapplied and erroneous principle. They assert 
in theory, though they contradict the assertion in 
explanation, that vital air contains in itself the prin- 
ciple of fire, and that it is the fire lurking therein, 
that immerges upon the combination of this air with 
the particular substance of the burning body. Plac- 
ing the light and heat all in the vital air, they con- 
sider the phlogistic principle existing in the body it- 
self as unnecessary, and have therefore proscribed it 
in their tyrannical arrangement of the subject. 

I think the considerations I am going to lay be- 
fore you will prove, that their theory does not ex- 
plain the principal appearances for which the term 
phlogiston has been. adopted in science, and that 
they have therefore been only introducing error, by 
imputing certain effects to improper and inadequate 
causes. N yg 

The doctrine of phlogiston, as understood by mo- 
dern chemists, implies, that a quantity of fire, or 
the matter of light and heat, is occasionally con- 
tained in bodies as a part of their composition; and 
that these bodies possess this naturally diffusive sub- 
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stance upon a different principle from that of heat, | 


or any other besides this, which is peculiar to itself. 
These bodies are called phlogistic bodies. 

Phlogiston, thus considered, seems to form a 
substance u generis, differing from eyery other 
substance in a body. It may be considered as a 
treasure within them of light and heat, to be dis- 
pensed in the absence of the sun, both for the Va- 
rious purposes of necessity and convenience in the 
economy of the world. 

On the supposition of phlogiston, the light which 
is propagated from a burning body, belonged to that 
body, and made part of its substance. 

Inflammable bodies lose their luminous substance 
in burning, after which they can by no means be 
kindled, unless their luminous substance be again 
restored to them, which is done by the chemical a 
tion of another phlogistic body on the remains of the 
first. But here also the second body is deprived of 
its phlogistic qualities, while it restores them to the 
first; and becomes as incapable of emitting light and 
heat in the way of inflammation, as if it had already 
undergone that process in the most complete man- 
ner. Examples of this are found in the burning 
of zinc, of phosphorus, and sulphur; for after these 
bodies have lost their light and inflammability, these 
may be again restored by means of a certain quantity 
of charcoal, which is thereby consumed, or loses its 
combustible principle. 

From the important changes Wen in an in- 
flammable body by burning, as well as from the 
amazing quantity of light emitted in that operation, 


it is inferred, that the body has lost a great and ma- 


terial part of its Ane It is allowed, that bodies 
in burning or calcining are combined with a large 
quantity of atmospheric matter, which changes all 
their sensible qualities; but it is also contended, that 
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they are more changed than what they ought to be 
from the additions they have received, or the new 
combinations which have been formed. | 


As the weight of bodies is not diminished by 
burning, it may therefore be justly supposed, that 
there is in the constitution of inflammable bodies a 

uliar substance productive of their eminent qua- 
ities, a substance distinct from all matter that gra- 
vitates, yet a substance by which our organs of sen- 
sation are immediately affected. 


THE REALITY OP PHLOGISTON PROVED BY 
DECOMPOSITION OF WATER. 


In the well . epaiment of M. Liovaieior, 
we will suppose for the present the analysis of water 
to be well established; but in those experiments, by 
— the composition of water is made to appear, 

hlogistic principle will be found also to have 

ws x its part, and you will find this elementary sub- 

stance in that very operation by which the composi- 
tion of water was detected. 

There are some circumstances concerning this 
important experiment, which seem to have escaped 
the attention of the excellent chemists who made it, 
the neglect of which renders their theory imperfect, 
and their reasonings inconelusive. 

In this inquiry, we abstain as much as possible 
from every thing foreign to the subject of phlogiston, 
and we only inquire into the nature of water, so far 
as the production thereof is connected with the de- 
composition of that particular phlogistic body we 
are to examine; we therefore need not consider the 
truth of their theory, relative to the nature and con 
stitution of water. The doctrine of phlogiston is as 
independent thereof, as it is contrary to their Seduo- 
tions from the theory of water. 
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One unknown principle, or element of water, is 
contained in the inflammable air; the other element 
of water, the acidifying principle, is in the pure vital 
air; that is, there are in vital air and in inflammable 
gas, two substances extremely attractive of each 
other, and form a substance perfectly different from 
its constituent parts. 

Or to be more particular, that inflammable air 
and vital air being mixed in due proportion, and this 
mixture kindled in a close vessel, the two elastic 
fluids disappear, and a quantity of water equal to the 
weight of the two bodies which were inclosed, is 
found in the vessel after cooling. From hence it has 
been concluded, that water 1s composed of vital and 
inflammable air, and that there is not required any 
phlogistic substance, in order to on the preho- 
mena of burning. 

That there is an immense production of light and 
heat, where the two constituent principles of water 
are united, is allowed; and hence most chemists are 
per suaded of the existence of a combination of fire 
with the composing parts, different from what is 
called latent fire, and constituting what they call 
prog, This is explained in the French theory 

y the term calorigue, using the term here, as 
nearly synonimous to latent fire. But in this sense, 
the explanation is inadequate, for the common doc- 
trine of latent fire does not seem sufficient for the 
solution of the phenomena. For the materials 
mixed in this experiment do not unite without in- 
flammation, and when made to unite, by being 
kindled, there are certain appearances not to be ex- 
plained by the theory of latent heat. 

Now here it becomes an object of inquiry, what 
ingredients vital and inflammable air contain, which 
prevent their union. Consistent with what is known 
of the laws of nature, this cannot be attributed to 
their latent fire. 
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It is by this that they are maintained in their 


elastic state; it cannot therefore be supposed, that 


an increase of elasticity, and of course latent fire, can 
be any means of separating that fire; that when 
more is wanted to maintain them in that state, what 
they have already should be separated from them, or 
even that an increase of sensible heat should be the | 
cause of separating the latent fire. 

There is, indeed, no foundation for supposing that 
the constituent parts of water in this experiment are 
before inflammation kept separate by latent fire; but 
that they are combined with other substances in some 
particular state, by which their natural union is de- 
stroyed. This leads us to examine what happens 
when, by inflammation, the inflammable substance 
is destroyed, and the two constituent parts of water 
are united together. | ' 

Of all the operations of man exerting his skill in 
nature, the the inflammation of combustible bodies is 
most worthy of attention. From a small quantity 
of matter, hs produces an immense power of heat; 
from nothing — he makes an artificial sun, and 
dispenses light without the aid of any thing, but what 
is in the composition of the body to be burned. 

But what is it that man does on this occasion? 
He giveth the spark, and all the rest is done by na- 
ture. An amazing 2 of light and heat is thus 
produced, and the greatest possible change takes 

lace in what remains. The light and heat which 
fore had been in the combustible materials, are 
now dispersed in the universe, and what remains 
of those bodies, has lost the power of producing 
tight and heat. 

Here is a source of power of which man has availed 
himself; by knowing the laws of nature, he rends the 
hardest rocks, and raises rivers of water from the bot- 
tom of his mine, by the action of heat produced in 
the nflernmation of combustible bodies. ä 
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But no sooner is the combustion cvinpltted, than 
the body has lost its power of inflammation, it is 
left a mass of gravitating matter, no longer ser- 
viceable to man as an addition to his natural strength. 
How then is the body to recover this power? It 
was by emitting heat and light, that the burning 
body lost its power; it was by applying fire, that 
the decomposing operation was excited. We can 
not therefore look for the restoration of that power 
by means of fire or heat. Nothing but the opera- 
tions in nature can restore again that power, by 
supplying it with a- phlogistic substance, again to 
be consumed, by which a body is formed, which 
may in a similar manner be GI e _ man and 
the world. 

Light and hees — been i a the union 
of the two airs in forming of water, and there is no 
reason for presuming that latent fire was the cause 
which prevented their union; and further on in- 
quiry it will be found, that there is no reason to sup- 
Pose, that the matter separated, and acting as heat 
and light, was what had been retained before as la- 
tent fire. 

That the latent fire of these aeriſorm substances 
would be sufficient to heat a solid body, equal to the 
most intense degree of incandescence, will be rea- 
dily granted. But you must remember in the case 
before us, that where the water is formed, and heat 
appears, the two aeriform fluids, or rather the water 
into which they are changed, does not concrete into 
a solid ja Wa but is at first in the form of a 
vapour or steam, which occupies as much space as 
the two aeriform fluids did before they acted on one 
another, and will therefore require the whole, or 
nearly the whole of their latent fire, to give it that 
form, without being made sensibly hotter than they 
were before; but the flash, and other phenomena in 


the operation, shew that there is a 8udden manifesta- 
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uon of heat, when the watery vapour is formed. 
This cannot be produced by this latent fire, which 
only becomes sensible, when the . containing it 
is condensed or congealed, 

Latent fire cannot be the cause of the inflam. 
mation which takes place upon the composition 
of water, for on this supposition, they must have 
emitted the light and heat, either in their con- 
densed state of water, or in che state of vaporiſie 
expansion. If in the condensed state, the luminous 
body must be exceeding small, which is not the 
case, being a great flame. If, on the other, they 
emit it in the expanded state, they emit a ny 
which we cannot say was their latent fire, their 
elastic fluidity still subsists, to which state it is ab- 
solutely necessary. It must therefore proceed from 
some other mddification of the solar substance or 
fire in their bodies, which may with propriety be 
called a phlogistic substance, before its emission from 
these aeriform bodies, as it is certainly fire the mo- 
ment it is set at liberty. 

Besides, there are solid dense substances, as gulli 
phur and iron, which can be snpposed to hold but 
little latent fire, which, when they are kindled in vital 
air, emit apparently as much light and heat as if 
they had been substances in an extremely expanded 
state: so that if latent heat be the cause, it must be 
—— to the air alone; on which avrenconable 

sition, the inflammable air in the experiment 
ave been considering would contribute nothing 
1 che production of light and heat. 

According to the French theory, charcoal is con- 
sidered as an uncompounded substance, which, in 
burning, is supposed to be simply combined with 
vital air; here also the light and heat produced in 
burning the charcoal remain to be explained; for 
here, instead of finding an expansive fluid rendered 
concrete, we find a solid concreted substance ex- 


panded into the elastic form of fixed air. We have 
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therefore to inquire how, on the new theory, they 
can account not only for the light and heat of burn- 
ing, but for the latent fire required to maintain the 
elastic fluid. It must explain the creation of the 
light, the sensible heat, and the latent fire. 

If more were necessary on this head, I might re- 
fer you to Mr. Berthollet himself, the founder and 
supporter of the French system. In his treatise on 
the art of dying, he owns, © that the received prin- 
_ciples of heat can only be considered as supposi- 
tions.” After this confession, it is to be hoped the 
advocates for the new theory will be more modest, 
and not so hasty, as to consider it demonstrated. 
Again, we find him own in the same work, that 
* the heat of combustion does not proceed solely 


from the vital air, but is also furnished by the 


burning body.“ | a 
This is confessing all that we contend for, namel 
that in combustion the light and heat is furnished 
partly by the combustible body, partly by the vital 
air; but the greatest quantity by the combustible 
body. Thus is the dispute reduced to one of words, 
and as far as relates to this point the calorigue com- 
bine is nothing more than phlogiston, or the inflam- 
mable — 

Before I conclude this part, I shall lay before you 
a passage from Mr. De La Metherie, which confirms 
what has been. already mentioned; namely, that it 
is not the latent fire that supports the elastic state of 
vital air. He first shews, that this assertion is con- 
trary to their own theory, the proof of which would 
lead me into an uninteresting detail; he then shews 
that the effects of vital air cannot arise from the 
combined caloric, which renders this air elastic; for 
there are numerous phenomona where vital air, not 
being in an elastic state, produces the same effect. 
The vital air in the nitrous acid, in the dephlogis- 
ticated marine acid, and in metallic calxes, is not 
in an elastic state, yet produces the same effects as 
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when it 18. All the combinations of nitre with corn- 


bustible bodies burn with activity. What a quan- 
tity of light and heat is disengaged from gunpowder 
by the smallest spark! If the powder be made with 
dephlogisticated and marine salts, it will inflame and 
explode merely by friction, &c. &. M. De La Me- 
#herie brings forward many other important in- 
stances to prove the same point. I shall mention but 
one more: the caloric (fire) that keeps vital air in 
an elastic state, does not differ from the caloric 
which supports other gases in the same state; why 
do they not also exhibit hight and heat when they 
lose their elastic state? From these reasons it 1s 
plain, that we must not consider the effects of vital 
air in combustion as owing to the combined fire, 
which is the cause of its elasticity. 

Sensible heat and latent fire are mutually con- 
vertible; but from what has been said, as well as 
from other reasons, it seems clear, that there is not 
a sufficient quantity of commutable fire in vital air 


to explain the incandescence of bodies; and, con- 


sequently, that they do not burn on account of la- 
tent fire. But I shall also now shew you, that when 
bodies emit light, in consequence of the decompo- 
sition of their phlogistic substance, this luminous 
matter had not been derived immediately from any 
species of heat; but that it is a luminous emana- 
tion proper to the decomposition of phlogistie sub- 
Stance, and is the sensible effect and proof of that 
operation. | 

This is proved, first, by shewing that when in- 
flammable bodics in a state of vapour are kindled, 
it is not the vapour heated to incandescence that 
emits the light, but the intense illumination that 
gives the heat. Sccondly, bodies which have na 
more than the common temperature of the atmos- 
phere, may emit light by the emission of their phlo- 


gistic substance. 
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Now by considering the flame of a candle, you 
will tind proofs of the first case. For if it be the 
emission of light which heats the elastic fluid in con- 
tact with the luminous body, we shall find a steam 
of intensely heated vapour ascending along the flame 
of the candle, without having the power to emit 
light. That this is the cause you may easily prove. 
Ikea small bit of clay, like a grain of corn, suspend 
it by a slender wire ove the flame of a candle; 
and let a screen be placed near the candle, so as to 
hide the flame; and you will perceive that the stream 
of heated air, which has no power of illumination, 
will heat the little body to incandescence at a con- 
siderable distance above the flame. 1 

Light may be emitted on the decomposition of 
phlogistic substances, not only without sufficient 
intensity of heat to form incandescence in any body, 
but without any perceptible increase of heat in the 
body, which is to emit the light. voy” 

Examples of this may be taken in living animals, 
which have a power of emitting light; als» m the 
dead bodies of animals and vegetables going to de- 
cay. It is also well illustrated by a chemical sub- 
stance, phosphorus; no body burns more fiercely 
than this, when it is kindled. Vet it may be de- 
composed by atmospheric air, without burning in 
the ordinary manner, that is, without acquiring any 
sensible degree of heat, far less of one capable. of 
causing incandescence: this change however is not 
effected without the body emitting its phlogiston in 
the form of light. Now where are we to seek for 
this luminous matter, but in the resolution of the 
phlogistic substance? I have shewn you that at- 
mospheric air does not give it in the form of com- 
mutable latent fire. It does not proceed from the 
increased degree of sensible heat; we are therefore 
constrained to believe, that in the decomposition of 
the phlogistic body, the solar substance which had 
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been detained in the phlogistic composition is li- 
berated, and escapes in the form of light. 

Thus it is plain, that phlogistic bodies contain a 
certain quantity of the matter of light and heat; in a 
different state from that in which the same matter is 
employed, either in the fluidity or expansion of bo- 
dies, and which is not transferable in the manner of 
sensible heat; and this may be properly termed their 
phlogistic principle. | ory 

That this substance has not weight, can only be re- 


- ceived as an objection by those who admit the univer- 


sality of gravitation in matter, but can have no in- 
fluence upon those who deny this principle. 

From what has been said we may now gain a 
clearer view of the different modifications or state of 


the matter of heat and light in bodies. 


Sensible heat is fire in a state in which it is trans- 
ferable among bodies communicating together by 
immediate contact; every additionaf quantity in- 
creascs the volume of the body, the abstraction of it 
diminishes the volume; it also produces in sensitive 
bodies, the sensation of heat and cold. 

Latent fire is of two kinds; that of fluidity, and 
that of elasticity. The heat of fluidity is that quan- 
tity or modification of fire, which, without either 
affecting the volume or the sense, causes fluidity; 
that is, converts a hard concreted body into a fluid 
destitute of hardness or concretion. This has no- 
thing to do with the present case, as the bodies are 
equally fluid before and aſter burning. The heat of 
fluid elasticity is that portion of the commutable and 
transferable substance of sensible and latent fire, 
which, instead of increasing the volume in a small 
degree, or destroying the Nen separates its 
parts indefinitely, and by which they acquire an 
elastic and expansive power. You have seen, that 
the heat of burning bodies does not arise from the 


latent or expanding heat of the oxygenous gas. 
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This famous experiment of burning the two airs 
in the forming of water, shews that the phlogistic 
matter in the composition of bodies neither adds 
to their gravitation, nor impairs their weight; for 
in this experiment, the quantity of light and heat 
is so great a thing in proportion to the weight of 
the inflammable bodies, that, if this fugitive sub- 


\ Stance had any effect upon the gravitation of those 


bodies to the earth, it must have been sensible upon 
this occasion. | | 
Bodies which the quality of being emi- 
nently resolvible in giving light, are called inflam- 
mable, or combustible — — but as it is often ne- 
cessary to give a name to this transferable substance, 


chemists have termed it phlogiston. gr 
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As phlogistic bodies lose their peculiar substance 
by a general and necessary operation, there must 
be another, or contrary operation in nature, whereby 
they regain it. For as this substance, whatever 
it be called, is wasted in burning of bodies, there 
must be another operation by which it must be 


renewed. | 


It is in animal and vegetable substances that we 
must seek for this productive operation; for water is 
not more essential to the constitution of these orga- 
nized bodies, than phlogistic matter by which they 
may be made to burn. bt? | 

blogistic matter is absolutely necessary to animal 
life, for animals must have a source of heat, which 
in the economy of their nature must be in perpe- 
petual waste: of the destruction of 8 sub- 
stance, the consumption of vital air, which necessa- 
rily happens in the breathing of animals, is a suffi- 


cient proof. This vital principle of the atmosphere 


perſorms the same function in the lungs of animals, as 
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in the experiment by which the regeneration of wa- 

ter appears to be so beautifully proved. Here then 

is also a waste of atmospheric air, which must be 
in restored to the system of nature. 

Animal bodies, in whose operations phlogiston is 
oonsumed, are supplied immediately with this sub- 
stance for their food. But as all animals are ulti- 
mately fed on vegetable substances, we are led to 
look to vegetation, or the process by which these 
substances are produced. It is here we are to dis- 
cover the source of this transferable substance, which 
plants supply in feeding animals, and which animals 
consume in the production of their heat. 

Next after animal life, in the consideration of 
Divine Providence, is placed the vegetable system. 
The earth is beautifully contrived for their support, 
and the proper object of the mineral kingdom would 
appear to be the preparation of a soil, in which plants 
are to be sustained. The solid rock, the moveable 
sand, the fluid wind, are all equally adapted to the 
service of the vegetable system; a system so con- 
trived, as to find in every climate proper soil, as well 
as in every soil proper climate. ny 

But soil alone will not supply the necessaries of 
life to vegetable bodies; the wholesome influence 
of the air is as necessary to them as animals, al- 
though it scems to act on each in a different man- 
ner. We have now therefore to examine how far 
the air corrupted, in its necessary use by animals and 
burning bodies, shall be restored by that operation 
of a plant, in which the air is required as à neces- 
* . | | | 

hat the atmosphere is purified by growing ve- 
getables, was a natural conjecture; this is now ve- 
rified by the accurate experiments of Dr. Ingenlioux, 
and the beautiful theory of Mr. Lavoisier, on the 
composition of water. By these we find, that in 
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vegetation, phlogistic matter is prepared, and vital 
air given out. VIE 25.7 17 36 | | | 
Plants must receive their phlogistic matter, either 
Ist, from the soil into which their roots extend; or 
2dly, from the atmosphere in which they grow; or 
3dly, must generate it within themselves, by means 
of materials received from without. 


With respect to the first means, it is well known, 
that the fertility of vegetable soil is extremely in- 


ereased by the addition of phlogistic substances, 


such as are found in animal and vegetable bodies; 
but these being still ultimately of vegetable produc- 
tion, it would be in vain to look here for a source of 
phlogiston to repair the general waste. 

Let us now therefore see, what A 61uatp may be 
obtained from the atmosphere; and here we shall 
turn our view towards the influence of light, for 
the phlogistication of vegetable bodies. When you 
survey the earth covered with such various tribes of 
plants, and when you observe the different foliage 
of those organized bodies, extended with such art 
as if designed that no ray of light might escape 


without paying its tribute to vegetation; and when 


you join to this, the faculty that plants have of 
turning their leaves always to the light; should we 
not then conclude, that the exposing a large surface 
to the atmosphere for perspiration is not the only 
purpose for which the foliage of plants, corresponding 
to the lungs of animals, has been intended. 
But more than probability is obtained, when we 
consider the invigorating power of light on plants, 
independent of the effects of heat and air, and the 
necessity of this luminous substance, though not to 
the liſe or vegetation of plants, yet to the proper 
increase and production of vegetable substances. 


Here then is the place, where the combination of 
the solar substance is made for the production of 


phlogistic matter. 
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To be perfectly assured of this, let us examine 
whether there is any effect proper to phlogistic mat- 
ter, which uniformly attends the exposition of vege- 
table bodies to the solar light, and exists only in 
consequence of this illuminating cause. No, there 
is no effect of phlogistic matter in bodies more cer- 
tain than colour, or blackness, by which the incident 
light is more or less absorbed in the substance of a 
body. Hence the production of a coloured sub- 
stance in a body which was not coloured before may 
be considered as an evidence that phlogistic matter 
has been composed in that body. But this is the 
case with plants; they only grow coloured, or ac- 
quire the green colour of their leaves in consequence 
of being exposed to the light. 

This colouring substance is not produced in con- 
sequence of vegetation alone; for the plants may 
vegetate in the dark, without acquiring this colour. 
It is not the effect of heat, like the blackness pro- 
duced in a white vegetable substance placed in the 
focus of a burning lens, because plants growing in 
the dark may have equal, or more heat, than those 
growing in the light, without acquiring any coloured 
substance. | 

This theory may be confirmed also by observing 
the effects of the sun's rays upon dead and living 
plants. To the living bodies, 1ts effects are to give 
colour; on the others, to discharge it. It is in the 
organized body of the living plant, that phlogistie 
matter is formed by the combination of the solar 
substance. | f 

If you find the restoration of vital air in the at- 
mosphere proceeding in the same progression with 
phlogistic substance, you may conclude that this is 
the means employed by nature in re- establishing the 
salutary quality of the atmosphere. This and other 
truths are proved by the satisfactory experiments of 
Dr. Ingenhous. 
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Plants growing in the sun emit from their leaves 
a pure vital air, whereas growing in the dark, the 
oduction of this substance, as well as that of co- 
Jour, is interrupted. 42 
Thus, as in the decomposing of phlogiston, whe- 
ther by breathing or by burning, the atmospheric air 
is corrupted; so again, on compounding phlogiston, 
by the growing of vegetable bodies exposed to the 
light, the atmosphere is restored to its nature. 

So much beauty of order and contrivance have 
been discovered in the economy of animal and vege- 
table bodies sustaining themselves in forming a cer- 
tain circulation of matter, and employing the great, 

the general agents of this world, air, light, and heat, 
that nothing can be more interesting or important in 
the study of nature. 
It may be necessary to examine an objection which 
may be made to this theory, from the experiments of 
Count Rumford, who procured vital air in great 
quantities by exposing silk and various other bodies 
in sunshine to the water. His experiments, when 
considered, will be found to give additional proof to 
this theory; he does indeed shew another source for 
vital air besides what is procured from the vegetation 
of the inclosed leaves, but he by no means shews 
that vital air is procured without vegetation; for 
vital air is never procured without water becomin 
green and turbid; but when we find the water be- 
coming green and animalcules appear, have we not 
then every reason to presume that the animalcules 
have been fed on plants, and that those plants emit- 
ted vital air? 6140 ä 

When, in studying the system of nature, we ob- 
serve that every thing is in action for some purpose; 
that opposite powers are continually ballancing each 
other, or alternately prevailing, and that the general 
end in view is to contribute every thing requisite for 
the necessities, for the conyeniences of animal life; 
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we find ourselves pleased with this subject of con- 
templation, and interested in what relates to nature. 

We may now endeavour to take a general view of 
that contrivance which may be perceived in the 
means employed by Divine Providence for the impor- 
tant operations of sustaining animal life, and form- 
ing, of the inert mass of this earth, a living world. 

In this system of organized matter, which is com- 
prehended in the idea of the world, the emanation 
of matter from the sun may be considered as one of 
the prime movers of the machine. At the same 
time, gravitation, which is another of these powers, 
would soon bring all the matter of this machine to 
rest, and would lock up every body in a state of the 
most absolute inactivity. Consequently, if we rea- 
son consistently with our own ideas, it is not either 
by the one or other of those two great agents alone 
that the natural operations of this world are con- 
ducted, but by the joint action of them both; each 
at the same time having its peculiar office, which it 
is the business of science to distinguish. 

Thus that great agent, which regulates our pla- 
netary system and gives life to nature, acts upon the 
surface of this earth; and it there performs different 
operations, according to the various conditions in 
which it acts. Under the form of heat, it separates 
and distends unorganized matter, or simple bodies, 
and it suspends the hardness or particular attractive 
powers of their substance. Organized and sensitive 
bodies, again, it affects with the sensations of light 
and heat; but in another species of organized living 
bodies, that is, plants, which have no sense, no 
knowledge, no means of understanding, it produces 
peculiar effects; it paints the various colours, so to 
speak of their distinguisbable parts; it gives them 
their peculiar virtues, which are various specific tastes 
and smells; and it stores them with a certain sub- 
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stace, from which they derive the general property 
of occasionally exciting light and heat. 

From this sublunary store then of the solar sub- 
stance, we are to look for the emanation of such 
virtues as belonged to the parent power. Accord- 
ingly, in plants thus prepared by the hand of Provi- 
dence, are placed the sustenance of animal life, and 
all the comforts which attend a living, feeling, and 
perceiving being. 

For this purpose of cherishing life, it is necessa 
to distribute to animals, from the vegetable store of 
nature, heat and light proportioned to their neces- 
sities, and apportioned to the various purposes for 
which those active powers 'are allotted. 'This active 
principle, then, is amply provided to animals in their 
food; and, while the growing bodies of those ani- 
mals are increased with the necessary nutriment 
which comes from plants, at all times the vital 
functions are properly sustained with that substance 
which had been originally of vegetable production. 

But, in order to accomplish those designs, this 
solar substance, stored in the vegetable bodies, must 
be resolved from its confined state, and this must be 
performed aecording to some measured operation. 
It is here that so much wisdom or contrivance is to 
be perceived in the operations by which animals ac- 
quire their heat, and by which bodies, naturally 
opake, are made to imitate the luminary of the 
world, and to supplyvbis place for all the purposes 
of life. we | 

Supposing thoseMacts to be sufficiently evinced, 
let us now extend our views into the general system 
of material things, in applying those investigated 
principles of action to the necessary operations of 
this world. | tech 

Here 1s an object highly worthy of our attention. 
To contemplate a system in which, while the vari- 
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ous purposes of a world so bountifully provided for 
are served, there 1s exhibited a still more interestin 
prospect; it is that of finding perfection manifest 
in each part of nature. Now, this must be the case, 
80 far as in this great, this amazingly complicated 
machine, we can see no useless matter, no inefficient 
form, no unappropriated action, and no superfluous 
power. If wisdom regulates this great machine, if 
order 1s established in its infinitely multiplied and 
minutest parts, as we have every reason to sup 
how pleasant is it to behold the manifestation of 
unbounded power conducted with benevolent de- 
sign! What satisfaction to an intelligent mind to 
observe perfeet order in the most complicated parts 
of nature; to trace the efficient, as well as to per- 
ceive the final cause; and to see the wisdom in 
which ends have been benevolently chosen, and 
means effectually appointed for the accomplishment 
of those ends! | 
If the wisdom of man is to be employed in con- 
ducting science for the greatest benefit to human 
nature, what end can be proposed more effectual for 
producing happiness in a thinking being, than is the 
manifestation of a Supreme Power, who acts with 
justice and with wisdom? But, in finding the per- 
fect adjustment of ends and means in every part of 
nature, we necessarily conclude that there is a su- 
perintending Being, whose power and wisdom far 
exceed the comprehension of our subordinate ca- 
pacity. . | 
It is not to evince those metaphysical and moral 
truths, that the physical system of things is here in- 
quired into; but it is the physical system that I 
would now support by metaphysical and moral argu- 
ments; being persuaded that those different branches 
of science, when taken in a philosophical or general 
view, serve to throw mutual light upon each other. 
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It must not be alledged, that natural philosophy 
is not concerned with final causes; the contempla- 
tion of ends without means would add nothing to 
the value or lustre of human wisdom, and far less 
would the knowledge of means without ends. It 
must not appear idle speculation to discover the con- 
nection of efficient and final causes; for, as in seeing 
means properly adjusted to an end, we may perceive. 
the wisdom of Providence, so, in acknowledging this 
wisdom, we may find some means of trying every 
theory with respect to physical causes: for, every 
law of nature being thus necessarily conceived to be 
in wisdom, we have in this a rule by which to try 
every pretended law of nature. Now, though we 
may not thus positively discover what we want to 
know, we may negatively attain our end, in distin- 
guishing what is erroneous, 
This world consists in a system of moving bodies, 
actuated by a cause and tending to an effect; that 
is, in a design where ends have been contrived, and 
means are appointed for conducting to those ends. 
Here is a proposition which should be well exa- 
mined; for thus may be understood the proper ob- 
ject of natural philosophy, which is the general 
science of things. Philosophy is not employed in 
tracing the special order of events in the 2 of 
changing things: this is the province of the parti- 
cular sciences. The proper purpose of philosophy is 
to see the general order that is established among 
the different species of events, by which the whole 
of nature, and the wisdom of the system is to be 
eived. 

Whether we conceive this world as a mechanical 
machine, effecting its purpose by the aptitude of its 
various parts; or as a chemical process, changing the 
sensible qualities of the different bodies of which it is 
50 properly constructed; there are necessarily re- 
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quired. powers in order to actuate that moving sys- 
tem in which we live. Now, here we may perceive 
two different powers; gravitation on the one hand, 
by which all the parts of this material system should 
be preserved in one united mass; and heat on the 
other, by which means rest, the ultimate effect of 
gravitation, should be removed from this united 
mass containing organized living bodies. When, on 
the one hand, gravitation is supposed to prevail, 
bodies are made to form an inert mass, in which 
could be no system or no change. When heat 
again prevails, bodies are dispersed as matter mov- 
ing in space without a proper purpose: but, by a 
just combination of those two different powers, we 
find moveable and moving bodies properly disposed 
in a great and connected system of things, where a 
circulation of matter is established, where the de- 
struction of every individual thing is only the means 
employed for reproducing others of the same species, 
and where the natural tendency of every living thing 
is to preserve itself, and thus to maintain that order 
of things which is perceived in this world. 1257 
Without the influence of the sun, this world 
would remain an useless mass of inert matter; but 
with that influence, which is distributed so wisely in 
the different regions of this earth, we find motion 
is excited among the invisible parts of bodies, plants 
are made to grow, and animals are enabled to live 
and find the means of pursuing their various eco- 
nomy: but, in the absence of the sun, there is re- 
quired fire; this is an inferior source of light and 
heat; and this is a subordinate cause of action or 
efficieney in that mass of gravitating matter which 
otherwise would be inert. ; 
Now it is not possible to explain this source of 
action, this necessary cause of vital motion, upon 
gravitating principles alone; for, howeyer we _ 
multiply 2 combine attractive causes, nothing WI 
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hence result but rest, as the end or the effect. But 
this is not the case, when we consider this mass of 
gravitating matter actuated by that powerful influ- 
ence which appears to be derived from the sun, and 
which counteracts that tendency to rest inherent in 
the matter of this globe. Here we have two moy- 
ing causes constantly operating in the system; pow- 
ers variously opposing each other's action, and al- 
ternately prevailing; consequently, a cause for action 
and re-action, without any absolute rest. Thus, 
those opposing powers conspire to form a systematic 
order in material things, an order of moving bodies, 
which neither of those causes singly could have ac- 
complished, and an order of life and circulation, 
which the constant action of the one power, and the 
continual or repeated influence of the other, cer- 
tainly maintains. | 

It is in tracing the various steps in this system of 
material things, a system subservient to our sense, 
and conducive to the enlargement of our intellect, 
that natural philosophy is employed. However, 
therefore, the mere chemist may take for granted, 
or as principles, fire and heat, without inquiring 
into their cause, a natural philosopher must explain 
from whence it is that heat should come on all occa- 
sions, and how that heat is to be employed in the 
service of the system. Hence the laws of heat and 
cold, of condensation and expansion, of the reten- 
sion and emission of light, are equally necessary in 
the system, and proper to be known in the philoso- 
phy of nature, as is the measuring of that power by 
which the planets are preserved in their orbits, or 
by which is established the spherical figure of this 

lobe. | | 

: Thus the system of this world depends on vegeta- 
tion; vegetation, again, depends on light as well as 
on heat; and both these requisite conditions are 
procured by the influence of the sun. But for vege- 
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tation, light and heat are no more necessary than as 
a proper supply of humidity, and other requisite 
conditions which are obtained from the atmosphere. 

How much reason then have we to admire the 
system of Providence! We see and feel with plea- 
sure the ends.which ate attamed; and we never fail 
to be gratified in proportion as we comprehend the 
means which are employed. The circumvolution of 
our globe, in a system of planetary bodies, rendered 
it necessary that we should have day and night, 
summer and winter, that is, alternate seasons of light 
and darkness: the necessities of our animal nature 
required the provident seasons of spring and autumn; 
and, to sensitive beings, the occasional absence of 
the sun demanded a subordinate source of light and 
heat. Now all these ends appear to be attained by 
the proper adjustment of the two different species of 
matter, vis. of that by which bodies are expanded 
and made soft or fluid, and of that by which they 
gravitate and become hard and sdlid; of that matter 
by which they are naturally cold and dark; and of 
that, again, by which they may occasionally become 
hot and luminous. It is in these effects that we are 
enabled, first, to read the laws of gravitation and 
chemical attractions; secondly, to form a judgment 
with regard to the nature of the matter which is con- 
sidered as flowing from the sun; and lastly, to see 
the various modifications of that solar substance, by 
which the inert bodies of this world are actuated, 
contrary to the natural tendency of their gravitating 
matter. ; 
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OF FIRE, CONTINUED. 


Ir will be my endeavour in this Lecture, to explain 
to you some other properties of that wonderful ele- 
ment, fire, with which all bodies in nature are im- 
bued, surrounded, and penetrated, and which fills 
up every interval between their particles.“ The 
ancient heathen philosophers, when they contem- 
plated the wonderful privilege of man in enjoying 
the use of the element of fire, persuaded themselves 
it was a privilege too great for man's estate in this 
world, and that it was originally stolen from beaven, 
and that the very theft was the crime which brought 
all manner of evil into the world. 

Lactantius, a christian father, among other argu- 
ments to shew the superiority of man in the creation, 
and the immortality of his nature, produces this, 
that of all the creatures known to us, man 1s the 
only one who has the command and use of the ele- 
ment of fire. He is familiar with that heavenly sub- 
stance, without which there is neither light nor life, 
while the most ferocious of beasts are alarmed by it, 
and fly from it. He is entrusted with a power most 
like to that of God himself, who has the direction of 
all the elements; he, therefore, has a privilege which 
distinguishes and sets him aboye all other creatures. 
How dreadful would it have been, if brute creatures 
had been entrusted with the same liberty, if there 
had been the use of fire, where there is not the use 
of reason! Sorry am I to add to Lactantius, that in 
this, as well as in every other instance, man too 


* Lavoisier Elemen. Chem. p. 185, 
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often abuses the liberty with which he is blessed, 
and perverts it to the destruction of his fellow crea- 
tures. - Happy will be the day when men, instead of 
flattering themselves with the enjoyment of abstract 
rights, shall consider their respective duties, and 
employ themselves in subduing their own passions, 
instead of raising evil and malignant dispositions in 
others: then would all, under every form of govern- 
ment, enjoy real liberty, liberty to do all possible 
good, and be restrained from all evil; and thus there 
would be safety to the persons and properties of every 
individual. Give me leave to introduce a passage 
on this subject, from a writer whom I should be 
happy to introduce to your acquaintance, as a real 
friend of liberty and freedom of thought, whose 
writings are characterized by their peculiar and un- 
affected candour, great good humour, and sound 


reasoning; a writer who at times, as in the following 


passage, can innocently sport and play, and at other 
times employ all the masculine energy of truth in 
protecting virtue or detecting false hood. | 
Speaking of Liberty, he thus accosts ber: © Hail 
glorious Liberty! the choicest privilege of imperial 
man! the prerogative by which he exercises his do- 
minion over this sublunary kingdom! thou delightest 
to dwell in this my native land, the happy Britain! 
whose sons in former times have struggled hard for 
thee, enduring distresses, toils, and bloody conflicts, 
that they might transmit thy blessings to us their 
children. Thou hast snapped short the iron rod of 
despotic sway, broken through the enormous rule of 
many made for one, and taught power wherein its 
real strength and true glory consists. Thou hast 
dragged tongue- tied superstition at thy chariot- 
wheels, and bound in fetters that dastard slave, im- 
plicit faith, that used to fetter the very thoughts of 
men. Thou openest the chambers of science, burst- 


ing asunder the ipse diæits that had barred up more 
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than half the avenues. Thou clearest away the film 
from our eyes, that we may see for ourselves; and 
strengthenest our feet, that we may walk without a 
leading-string. O let us never part with the valua- 
ble mheritance our ancestors have left us; nor, I 
trust, shall we ever let it slip out of our hands: let 
us only beware that we be not beguiled by false ap- 
pearances, nor enticed away from our er by a 
phantom representing her likeness. 

* For there are counterfeits abroad, pretenders 
that assume thy robe and gestures. The mimic ape, 
licentiousncss, imitates thine intrepid air and confi- 
dent gait. 'The blatent beast prophanes thy daring 
language with his unbridled tongue. Conceited 

ness teaches the new-loosened school-boy and 
the novel-studied gitl the scorn of tutorage and con- 
troul. Irreverent fanatism, ill-copier of thine easy 
carriage before superiors, rushes with saucy familia- 
rity into the council-chamber of heaven. And lion- 
skmned free-thinking, 'safe affector of thy bravery, 
insults whom thou hast disarmed, ten times slays the 
slain, and claims to be the sole gatherer of thy spoils. 
They range the world with a boisterous rabble tag- 
ging at their heels; clamour, arrogance, misrepre- 
sentation, perverseness, cavil, intemperate jest, loud- 
laughing mockery, and hood-winked misrule. They 
spare not things sacred nor prophane, but pluck the 
grey beard of experience, tear the prelate's lawn, 
revile the rulers of the people, and spare not the 
Lord's anointed, The unlucky monkies toss all 
about them in confusion, and grin at the wild work 
they make; they scatter abroad fire-brands and ar- 
rows, and cry, Are we not in sport? They delight 
to trip up the unwary, or entangle the feeble in their 
webby filaments, and then chuckle with joy to see 
the perplexities they have occasioned. 

But thou, genuine liberty, offspring of all-pro- 
tecting Jove, and sister of Uranian Venus, who dis- 
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nseth his blessings from her horn of plenty, thou 
vest order and decency; for thou knowest the world 
is upholden by order, and the bliss of heaven main- 
tained by free obedience. Therefore thou recom- 
mendest regularity and subordination to the sons of 
men: thou standest upon law and ordinance as thy 
basis; rule and authority as thy supporters; sound 
reason and uniform prudence as the ground thou 
walkest upon; discretion and cautious reserve go 
before as thy harbingers; and much-enduring cha- 
rity departeth not from thy side. The modest virgins 
warn thee which way to direct thy steps, that thou 
hurt not the simple; or cover thee with veils, that 
thou give them not offence: for, when thou walkest 
forth in the fields of speculation, or stretchest thy 
ken to the sources of useful science, the weak-sighted 
cannot sustain thy piercing look, nor the feeble stand 
against the brush of thy sturdy tread. * ch 


OF THE FIRING OP GUNPOWDER, 


The sudden explosion or detonation of gunpowder 
is the next effect of fire which we have to consider, 
an effect which gave rise to the preceding reflexions. 
Detonation is a speedy and rapid inflammation, 
which occasions a noise by the instantaneous forma- 
tion of a vacuum. 

Gunpowder is a composition consisting of salt- 
petre, sulphur, and charcoal; a mixture, whose pow- 
erful effects are derived from its great combustibility. 
The principal things to be considered in the making 
of gunpowder, are the goodness of the ingredients, 
the manner of mixing them, the proportion in which 
they are combined, and the drying of the powder 
after it is made. 


* Tucker's Light of Nature pursued. Vol, 2, part 3, p. 299. 
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Saltpetre and sulphur mixed together give nd ex- 
plosion; sulphur and charcoal give no explosion; 
and, though saltpetre and charcoal, when intimately 


united do give an explosion, yet it is probably of far 


less force than what is produced from a mixture of 
the three ingredients. 

If saltpetre be exposed to a strong heat it melts, 
and becomes red-hot, and the volatile product is 
found to consist of fuming nitrous acid, a large quan- 
tity of vital air, some phlogisticated air, the alkali 
remaining behind. 5 

When a combustible substance and saltpetre are 
brought into contact, either of them being previ- 
ously heated red-hot, the body is heated with great 
rapidity, no doubt, from the vital air which is disen- 
gaged by the heat, as the experiment succeeds in 
vacuo, as also when the bodies are surrounded by an 
aeriform fluid incapable of maintaining combustion. 

The rapid combustion effected by nitre, when it 
is performed by a successive burning of the parts of 
a body, is called deflagration; when it is perſormed 
in so short a time as to be nearly instantaneous, it is 
ralled, as was observed before, detonation. 

It is remarkable in this experiment, that the com- 
bustion is maintained by the vital air combined with 
the nitre: it is this property of the saltpetre that has 
been applied to the production of gunpowder. 

This destructive powder is composed of 75 parts, 
by weight, of nitre, 94 of sulphur, and 154 of char- 
coal; these substances are intimately blended toge- 
ther by being triturated from ten to fifteen hours in 
wooden mortars with pestels of the same substance; 
a small quantity of water is added from time to time 
to moisten the mixture; when the whole of the fluid 
is | evaporated, so that the powder will not soil an 
earthen plate, it is carried to be granulated, which 
is effected by passing it through sieves whose perfo- 
rations are of various sizes; and these being shaken 
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or rolled in a barrel, take a round form from their 
friction against each other. 

From the experiments of Messrs. Beaume and 
Arch, it is clear, 1. That good gunpowder cannot 
be made without sulphur. 2. That charcoal is in- 
dispensably necessary. 3. That the quality of gun- 
powder depends, ceteris paribus, upon the care with 
which the materials are blended together. 4. That 
the effect of gunpowder is greater when simply dried, 

than when it is granulated, 

All the phenomena which attend the inflammation 
of gunpowder depend entirely on its great combusti- 
bility. The intimate mixture which has so great an 
influence on the force of gunpowder, is the principal 
cause of its effects; the nitre is equally dispersed 
among all the particles of very combustible matter; 
as the quantity of nitre is greatest, each particle of 
sulphur and charcoal is surrounded, and as it were 
covered with nitre. Nitre affords, by the applica- 
tion of heat, great quantities of vital air. The same 
thing therefore happens in this combustion, as 1s 
observed, when a combustible body is plunged into 


a vessel filled with vital air: that is to say, It is 


burned with greater vivacity, and in less time, than 
in common atmospheric air. It follows, therefore, 
that the sulphur and the charcoal must be burned in 
an instant, being plunged in an atmosphere of vital 
air. Hence the rapid decomposition of nitre, and 
the rapid inflammation of the powder. This, to- 


gether with its taking place in elose vessels, my 


in a great degree account for the violent force wit 
which it explodes and drives every obstacle before it. 
The quantity of fire disengaged at the moment of 
detonation contributes considerably to the expansive 
effect of gunpowder. Although fire penetrates 
through the pores of every substance in nature, it 
can only do so progressively, and in a given time: 
hence.when the quantity disengaged at once is too 
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large to get through the pores of the surrounding 


bodies, it must necessarily act in the same way 
with ordinary elastic fluids. This must at least take 
place in part when gunpowder is set on fire in a 


cannon; ſor although the metal is permeable to fire, 


the quantity instantaneously disengaged is too large 
to find its way through its pores; it must therefore 
make an effort to escape on every side; and as the 
surrounding resistance, except at the muzzle, is too 
eat to be overcome, this effort is employed in ex- 
pelling the bullet. , 

Fire produces a second effect from its expansive 
force, which causes the aerial fluids disengaged at 
the moment of deflagration to expand with a de- 

of force proportioned to the temperature, It 
is probable also that a quantity of inflammable air 
is disengaged at the i—_ of deflagration, which 
expanding contributes to the force of the explosion. 
You will easily conceive how greatly this circum- 
stance must increase the effect of the powder, if you 
consider, that a pint of inflammable air weighs only 
one grain and two thirds; hence a small quantity in 
weight must occupy a very large space, and must 


exert a prodigious expansive force in passing from a 


liquid to an aeriform state of existence. Lastly, a 
—— of undecomposed water is reduced to vapour 


during the deflagration of gunpowder; and as water, 


in vapour, occupies 17 or 1800 times more space than 
in its liquid state, this circumstance must also con- 
tribute largely to the explosive force of the powder. 
The permanently elastic fluid, generated in the 
firing 45 gunpowder, is calculated by Mr. Robins 


to be about 244, if the bulk of the powder be 1; 
and that the heat generated at the time of the ex- 
plosion, occasions the rarefied air thus produced to 
oecupy about 1000 times the space of the gunpow- 
der. This pressure may therefore be called equal to 
1000 atmospheres, or 6 * upon a square inch. 
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We are told of a singular circumstance which 
attends the firing of gunpowder; that, although it 
seems to generate its own air, and expand by the 
force of its own materials, a seed of the common 
thistle with its down, or any other light body, sus- 
pended near fired gunpowder, is always driven in- 
wards towards the powder before it is driven off by 
the explosion. eh | 

The effects of this mixture are nothing in com- 

arison with those of another, called fulminating 
pon which is made by rubbing together in a 
0 


t marble mortar, with a wooden pestle, three 
by weight of nitre, two of mild vegetable alkali, and 
one of flowers of sulphur, till the whole is accu- 
rately mixed. If a drachm of this powder be ex- 
posed to a gentle heat in an iron ladle, it melts, and 
soon after produces a detonation as loud as the re- 
port of a cannon. This phenomenon is the more ex- 
traordinary, as the effect thereof is produced without 
inclosing the powder in any instrument. It is ex- 
plained by observing, 1. That this experiment only 
succeeds by gradually heating the mixture so as to 
melt it. 2. That if fulminating powder be thrown 
on ignited charcoal, it only detonates like nitre, but 
with very little noise. 3. That a mixture of liver of 
sulphur with nitre, in proportion of one part of the 
former and two of the latter, fulminates with more 
_ and produces as loud a report as the mix- 
ture of sulphur, nitre and alkali. Hence it appears, 
that when fulminating powder is heated, liver of sul- 
phur is formed before the detonation takes place; and 
this will serve to account for the whole appearance. 
Inflammable air is formed from the liver of sul- 
phur, while the salt gives vital air; these two are 
capable of producing a strong inflammation, and are 
set on fire by a portion of the sulphur; but as the 
thick fluid they are obliged to pass through presents 
a considerable obstacle, and as the whole takes fire 
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at the same instant, they strike the air with such 
_ rapidity, that it resists in the same manner as the 
chamber of a musket resists the expansion of gun- 
powder. A proof of this is observable in the effect 
the fulminating powder has on the bottom of the 
ladle in which it explodes. The bottom of this is 
bulged outwards, and the sides are bent inwards, 
in the same manner as if it had been acted on by a 
force directed perpendicularly downwards, and la- 
terally inwards. | 

The most surprizing instance of chemical detona- 
tion is that by the combination of yolatile alkali with 
silver; gunpowder, and fulminating gold, are not to 
be compared with this new product; as the former 
requires ignition, and the latter a sensible degree 
of heat, to make it fulminate. But the slightest 
agitation or friction 1s sufficient to cause the. ful- 
minating silver to explode. When it is once ob- 
tained, it can no longer be touched. The falling of 
a few atoms of this preparation from a small height, 
produced the detonation: a drop of water falling 
on it had the same effect. No attempt, therefore, 
can be made to inclose it in a bottle, but it must be 
let alone in the capsule, wherein, by evaporation, it 
obtained this terrible property. To make this expe- 
riment with safety, no greater quantity than a grain 
of silver should be used, and the last desiccation 
should be made in a metallic vessel, and the face of 
the operator defended by a mask, with holes for the 
eyes defended by strong glass. The explosion, as in 
the former instances, depends upon the sudden for- 
mation of aerial fluids. | 


OF SOLUTION, 


This is another operation of fire, which is con- 
nected more or less with every in na- 
ture. When the parts of a solid body, as common 
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salt or sugar, are so united to a fluid as water, that 
they compose with it an apparently homogeneous 
fluid, remain suspended in it, and do not destroy 
its transparency, the solid body is said to be dis- 
solved in the fluid; the operation is called solu- 
tion, the fluid is called the solvent, or more com- 
monly, the menstruum; the compound resulting 
from the union of the fluid and the body, is called 
a solution of this or that body, in this or that men- 
struum. 1155 ö 

In chemistry, the terms solution and dissolution 
have long been confounded, and have very impro- 
perly been indiscriminately employed for expressing 

th the division of the particles of a salt in à fluid, 
such as water, and the division of metals in an acid: 
A few reflexions on the effect of these two opera- 
tions, will soon convince you, that they ought not 
to be confounded together. if 

In the solution of salts, the saline particles are 
only separated from each other, but neither the salt 
nor the water are at all decomposed; we are able tai 
recover both the one and the other in the same 
quantity as before the operation. The same thing 
takes place in the solution of resins in alcohol. - On 
the contrary, during metallic dissolutions, a decom- 
position either of the acid, or of the water which 
dilutes, always takes place; the metal combines with 
the acidifying principle, is changed into a calx, and 
an elastic fluid is disengaged, so that none of the 
substances employed remain, after the operation, in 
the same state as before. This article is confined to 
the consideration of solution. 

The necessary conditions for solution, are a cer- 
tain accommodation of the parts of the solvent to 
those of the solvend, and a proper degree of motion 
or agitation to apply the parts of the one to the parts 
of the other: of this motion fire is the general cause. 
You may illustrate this by an easy experiment: if 
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you place a ball of clay in cold water, it remains at 
rest, and the fluid continues pure as before; but if 
you set this water over the fire till it boils, the elay 
is soon diffused through it, and the whole is turbid 
as long'as the parts of the water are agitated by the 
fire; but when the water grows cold, the clay sub- 
sides to the bottom, and leaves the water clear. The 
parts of the clay being specifically heavier than those 
of the water, ought to subside in them; but this is 
prevented by a motion from the parts of the fire. If 
they are property agitated, they are suspended in the 
fluid; and it they are suspended, it follows that they 
are agitated. From extraordinary cases we are to 
learn hat happens in those that are ordinary. It is 
here evident, that fire, by its motion, separates and 
suspends the paxts of a solid body in a fluid. 
Where the motion of fire is violent, the solution 
is quickly accomplished, and a N 1 quantity of 
the solvend is sustained in the fluid medium. There- 
fore, in all ordinary cases, where the solution is 8low 
und gradual, and the quantity suspended is but in- 
considerable, the same effect is produced by that im- 
perceptible intestine motion, which constantly agi- 
tates the atmosphere and all things therein. The 
constant exhalations from the surface of the water, 
shew that there must be a perpetual motion of its 
partieles; and most menstruums are rendered such, 
and derive all their activity from fire, which co-ope- 
rates with, and gives them their proper effect. 
All salts may be liquified by fire alone, but with 
different degrees of temperature. Some of these, as 
the acetated pot- ash and soda, liquify with a mode- 
rate heat; whilst others, as vitriol of pot-ash, lime, 
& require the strongest fires that can be made. 
This liquifaction of salts by fire produces exactly the 
same phenomena as were explained to you when 1 
treated of the liquiſaction of ice. Fire is employed 
and fixed during the melting of the salt, but is dis- 
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engaged when the salt coagulates. These are ge- 
neral phenomena which occur universally during the 
passage of every species of substance, from a solid to 
a fluid state, and from fluid to solid. 

The phenomena which arise in the solution b 
fire alone, are always more or less conjoined wit 
those that take place during solutions in water: and 
the nature of the solution of a salt by fire, deter- 
mines the nature of a solution by water. If, for in- 
stance, a salt be with difficulty soluble in water, 
and readily by fire, it evidently follows that it will 
be easily solved in hot water, though not in cold. 
But if it be scarce soluble either in water or by fire, 
the difference between hot and cold waten will be 
very inconsiderable. These considerations shew, that 
there is a necessary relation between the solubility 
of salt in water, and the degree of temperature at 
which the same salt liquifies by fire, ungssisted by 
water; and that the difference of solubility in hot 
or cold water, is so much greater in proportion to 
its ready solution in fire, or in proportion to its 
susceptibility of liquifaction in a low degree of 
temperature. Hence the reason why salts are more 
rapidly soluble in hot than in cold water, is per- 
fectly evident; in all solutions of salts fire is em- 
ployed; when fire is furnished immediately from 
the surrounding bodies, it can only arrive slowly 
to the salt; but when the requisite fire exists, ready 
to act with the water of solution, it operates directly 
on the salt. 

That the power of solution is not in the water, is 
evident from the following experiment: Let some 
water boil over the fire in a glass vessel, cast into 
this sea-salt by a little at a time, and you will find, 
that after a large quantity has been dissol ved, the 
water will be as transparent as before; which shews 
the solution to be perfect. Then let the vessel be 
removed from the fire, Gy as the water begins to 
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cool, some salt will fall to the bottom; as it ap- 
proaches nearer to the temperature of the air, more 
and more of the salt will be deposited; and hence 
we argue, that as fire keeps the larger quantity sus- 
pended, what remains suspended at last, is supported 
by the ordinary effect of the remaining heat; and 
that i water could be found without fire, it would 
be without the power of solution. And indeed this 
power never fails to leave it at a certain period, as 
when the water is frozen into ice; because a solid 
mass cannot act as a solvent. The same medium 
that gives it fluidity, makes it a menstruum, and 
its dissolving power increases with its heat. Water 
is therefore a solvent only as far as it is enabled to be 
80 by fire, and, consequently, in such solutions, not 
water but fire is the agent. 

If you take an ounce of common salt, and throw 
it into a quart of water, in a very little time, espe- 
cially if the water be stirred, the salt will disappear, 
being uniformly dispersed through the whole body 
of the water. If you add another ounce of salt, 
that will also be dissolved, but not so speedily as 
the first. By this power of solution you may add 
so much salt to the water, that it will not dis- 
solve one particle more; the water in this state is 
properly enough said to be saturated. This, how- 
ever does not prevent a certain quantity of another 
salt being dissolved, and after that perhaps a third 
or a ſourth. | + 
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In this process, the integrant parts of a solid body 
are separated from each other by the intervention of 
a fluid, coalesce and reproduce a solid mass. 

When the particles of the body are only separated 
by fire, and thereby retained in a liquid state, all 
that is necessary to make it crystallize, is to remove 
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a part of the fire, which is lodged between its parti- 
cles, or in other words, to cool it. If this refrigera- 
tion be slow, and the body be at the same time left 
at rest, its particles assume a regular arrangement, 
and crystallization, properly so called, takes place. 
But if the refrigeration be made rapidly, or if the 
liquor be agitated at the moment of its to 
the concrete state, the e is irregular 
and confused. 1 25 

The same — occur with watery solutions, 
or rather in those made partly in water and partly 
by fire. So long as there is a sufficiengy of fire 
and water to keep the particles of a body asunder, 
the salt remains in a fluid state; but when these are 
not present in sufficient quantity, the salt recovers 
its concrete form, and the crystals produced are 
more regular, in proportion as the evaporation is 
slower and undisturbed. 
All the phenomena we ſormerly mentioned as 
taking place during the solution of salts, concur in 
a contrary sense during their crystallization. Fire 
is disengaged at the instant of their assuming a so- 
lid state: a further proof of the agency of fire. 
Hence to make salts crystallize, which readily liquify 
by means of fire, it is not sufficient to evaporate the 
water, but the fire united with them must also 
be removed. Saltpetre, alum, &ec. &c. are instances 
in which, to make the salts crystallize, refrigeration 
must be added to evaporation. On the other hand, 
such salts as require but little fire to be kept in solu- 
tion, and which from that circumstance are equall 
soluble in cold as warm water, are stallized by 
evaporation alone, and even recover heir state in 
boiling water. The separating matter being removed, 
the salts assume a form natural to Wen state, or, in 
ather words, erystallize. 
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This is effected either by separati — grosser 
particles, and heterogeneous matters, from *hquors, 
80' as to leave them clear and transparent; or by re- 
dissoWing the parts, which are tending to a precipi- 
tation, that they may be equally diffused, so as to 
become invisible. When the precipitation is occa- 
sioned by that contraction which proceeds from cold, 
heat is the natural remedy. If wine is grown thick 
and turbI@ with cold, a gentle warmth will promote 
a solution, and make it clear again. Urine, when 
exceeditiply turbid, may be restored to its former 
transparency, by applying an heat equal to that of 
the human body. Some bodies are purified when 
the fire carries off the baser part, and leaves the 
finer: thus gold and silver are purified in the fur- 
nace. Other matters are purified by the fire carry- 
ing off the finer part, and leaving those which are 
too — to ascend: thus sea- Water is made fresh by 
distillation. But the effect of fire is never more 
manifest in this clarifying work, than when it raises 
a scum to the top of a boiling liquor. Fire purifies 
in many other ways known to chemist-painters, 
dyers, and other manufacturers. The word purity 
is best accounted for by deriving it from woe, fire, 
3 fire is the grand agent which purifies all 
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Odcours are so generally excited and even gene- 

rated by the action of fire on various substances, 
that some of them seem to owe their existence to it. 
The powder of brimstone is inodorous when cold; 
but nothing has a more pungent smell than the va- 


pour thereof when opened and diffused by fire. 
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Vinegar has but little smell in the common tempera- 
ture of the atmosphere, but when heated, it is ex- 
ceeding strong and penetrating. Little or no smell 
is perceived in the fresh bone of an animal; but if it 
be laid on the fire, the smell will be diffused through 
the whole house. It is the same with feathers, 
which! are intolerably fetid when scorched in the 
fire. This offensive smell is a criterion of animal 
substances, as distinguished from vegetable, and has 
been used to determine to which of these kingdoms 
the corals and coralline bodies belong, that are taken 
out of the sea. All the odours arising frgm putre- 
fying bodies depend much on the action of heat; 
and it appears to 'be the design of Providence, that 
when carcases are most subject to putrefy, and be- 
come noxious with the heats of summer, there is a 
generation of flies swarming in the air, ready to re- 
move all offences as fast as possible, by a voracious 
breed of maggots. In extreme cold, there is no 
smell from dead bodies, because there is no putre- 
faction. As the most fragrant liquors when frozen 
egit no smell, so the carcases of men and beasts 
which have died upon that vast ridge of mountains 
the Andes, in South America, are reported to have 
been found untainted many years. f 
or THE DIPFERENT METHODS OF EXCITING AND 

"COLLECTING FIRE. ” 


There are three methods of exciting fire: Ist. 
By the collision or friction of solid bodies. 2. By 
fermentation or effervescence. 3. By uniting the 
solar rays. SETS 79 
Collision, or friction of solid bodies, is the means 
most generally used for exciting the action of fire. 
The vacuities of all solid bodies are replete with fire, 
80: that it is impossible to agitate or separate their 
parts swiftly, without giving the same rapid motion 
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to the element contained within them. When a 
piece of hardened steel is struck with a flint, some 
particles of the metal are scraped away from the 
mass, and 80 violent is the fire which follows the 
stroke, that it melts and vitrifies them. If the frag- 
ments of steel are catched upon paper, and viewed 
withia microscope, you will find most of them perfect 
spherules, and very highly polished. Their spheri- 
city demonstrates they have been in a fluid. state, 
and the polish upon their surface shews them to be 
vitrified; the fire being disengaged with violence, 
disposes the particles of the substance to combine 
with the vital air, while this air accelerates the com- 
bustion. The whole of the heat produced, is not 
afforded by the body itself, because in proportion as 
the interior fire is disengaged, the external air acts 
upon the body, and gives out fire. N 

It is not, as I have already observed to you, every 
agitation, that raises heat in bodies. A bell, or other 
sonorous body, may receive a stroke, by which all 
the particles of the metal are thrown into a vibra- 
tory motion, which continues for some time, but is 
not attended with any heat. The following condi- 
tions seem to be requisite: Ist. That one body should 
be in contact with another. 2. That it should 
move swiftly over it: which conditions are implied 


in the term attrition. These effects are more or less 


rapid and violent, according to the nature of the 
substance, and the degree and duration of the col- 
lision, or the degree of friction. Friction is inereased 
by pressure 22 therefore the closer the 
contact, and the swifter the motion, the more vi- 
rous the fire. | Y | 
If the irons at the axis of a coach wheel are ap- 
plied to each other, without the interposition of 
some unctuous matter to keep them from immediate 
contact, they will become so hot, when the car: 
. Fjage runs swiſtly along, as tg set the wood on fire; 
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end the fore. wheels being smallest, and making 
more revolutions, will be most in danger. The same 
will happen to mill- work, or to any other machinery, 
if the necessary precautions are neglected. It is no 
uncommon practice with a blacksmith to use a plate 
of iron as an extemporaneous tinder- box; for it may 
be hammered on an anvil till it becomes red- hot, and 
will fire a match of brimstone. A strong man who 
strikes quick, and keeps turning the iron, so that 
both sides may be equally exposed to the force of 
the hammer, will perform this in less time than 
would be expected. If in the coldest season you lay 
one dense iron plate on another, and press the up 
one by a weight on the lower one, and then rub the 
one over the other by reciprocal motions, they will 
first grow warm, and at length so hot, as in a short 
time to emit sparks, and at last grow red-hot, as if 
taken out of a vehement fire. "ORE 1 

It is not necessary that the substance should be 
very hard; a cord rubbed backwards and forwards 
swiftly againt a post or a tree will take fire; a stick 
of wood pressed against another which is turned 
swiftly about in a lathe, will soon make it turn black, 
and emit smoke. Even the palms of your hands, 
if you rub them briskly together when they are dry, 
will smell as if they were scorched. The method of 
exciting fire by rubbing two sticks of wood together, 
was anciently practised by country people, and is still 
retained in some parts of the world. The manner is 
exactly described in Captain Cook's voyage. The 
inhabitants of New Holland are said to produce fire 
with great facility, and spread it in a wonderful 
manner. To produce it, they take two. pieces of 
soſt dry wood; one is a stick about eight or nine 
inches long, the other piece is flat. The stick they 
shape into an obtuse point at one end, and pressing 
it upon the other, turn it nimbly, by holding it be- 
tween both their hands, as we do a chocolate mill, 
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often sbiſting their hands up and down, and then 
moving them down upon it to increase the pressure 
as much as possible. By this method they get fire 
In less than two minutes, and from the smallest spark 
they increase it with great speed and dexterity. 
This is the fact, to which a reflexion is added, 
calls for indignation; the more so, as it bas 
been adopted and propagated for the purposes of 


nutheism and infidelity by some writers of a neigh- 


boring nation. There are few things,“ says the 
Editor of the voyage, © in* the history of mankind 
mote extraordinary than the discovery and applica- 
tion of fire. It will be scarcely disputed, that the 
manner of producing it, whether by collision or at- 
trition, was discovered by chance. These circum- 
stances considered, how men became sufficiently 
familiar with it, to render it useful, seems to be a 
problem difficult to solve.“ The following observa- 


tion by the Rev. Mr. William Jones, on this passage, 


is well worth Jour attention; indeed I know of 
scarce'any man's writings, which can be more safely 
recommended to you; they are replete with original 


— omar and are founded upon the soundest and 


1 both of reason and revelation. On 


quotation he observes, © that these 


en ws might well have passed for the speculation 
of a New Hollander; and that we need not be sur- 
prized to find a similar one in the Fasti of Ovid, an 
heathen writer. But, that people in a chritsian, ei- 
vilized, philosophical country, whom Divine Pro- 
vidence has blessed with a knowledge of the true 
origin of mankind, and their earliest history, should 
condescend to such poor and weak conjectures, is 

mptom of present infidelity, and approaching 
Val rain, The first family, placed by the Creator 
upon this earth, offered sacrifices,' which, being an 
article of religious duty, they were certainly pos- 
sessed of the means of performing it, and conse- 
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quently of the knowledge and use of fire, without 
which it cotild not be practised. The Bible account 
is natural, and more agreeable to the goodness of 
God, and the dignity of the human species, than to 


suppose, on the principles of a wild and Savage phi. 
losophy, that men were left ignorant of an element 


designed for their accommodation and support. 

Jo interdict a man from the use of fire and 
water was accounted the same, in effect, as to send 
him out of life; so that if men, upon the original 
terms of their creation, were thus interdicted by the 
Creator himself, as the heathen mythology supposed 
them to be, they were sent into life upon such terms 
as others were sent out of it. If you admit any one 
such gloomy supposition, where shall we stop? If 
mankind were left destitute of the knowledge of fire, 
perhaps they were left without food, without cloath- . 
ing, without reason, and in a worse condition than 
the beasts, who are born with the proper knowledge 
of life: but man receives his knowledge by educa- 
tion; therefore, he who taught the beasts by instinct, 
taught man by information.” FLAY, 


(fl $739 3 wh | 279 TE 1 235 FAY 
OF FERMENTATION AND EFFERVESCENCE. 


These seldom take place without exciting heat, 
which is sometimes so great as to break out into 
actual flame. Pour an acid on an alkali, and an 
effervescence is excited productive of heat; pour 
water upon oil of vitriol, and you will produce a 
great degree of heat, often sufficient to break the 
vessel, if it be composed of fragil matter; pour 
upon oil a highly concentrated acid, the fermen- 
tation will be great, and the fire disengaged will 
often burst into an actual flame: a mixture of water 
and spirit of wine will also manifest heat. These 
effects are produced by the friction and collision of 
the particles of the different substances, by which 
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fire is expelled, and the space it occupied is filled 
up by the mutual penetration of the fluids. If the 
heat produced be very great, the ambient air is de- 
composed, and an inflammation ensues. The pe- 
netration of the substances is easily proved, for 
their bulk is less after the mixture than before. 
If you mix a pint of water with a pint of spirit of 
wine, the mixture will not fill a quart, which clearly 
evinces the mutual penetration of the substances. 
In fermentation, and every operation which changes 
the nature of bodies, fire is disengaged, to answer 
the purpose of the new compound: hence in che- 
mical operations, cold is sometimes produced, and 
sqmetimes heat. 15 116 M2 
Putrefaction is also a species of fermentation. In 
putrefaction bodies are heated by the fire which is 
then disengaged, while the bodies are combined with 
particles from vital air. DP rn 

If a large quantity of hay be laid together in too 
moist a state, it will by degrees take fire: this is 
easily accounted for, when you consider how much 
fire is left, which should have been carried off in 
vapour; this moisture and fire are expelled by the 
pressure of the hay; the fire being excited and un- 
able to escape as fast as it arises through the pores 
of the incumbent matter, the agitation. and attri- 
tion are so increased, that it breaks out into actual 
flame, and consumes the substance. So intense is 
the heat when a large stack of hay is on fire, that the 
substance of the hay is often turned into glass. 

The third means of exciting the action of fire is 
by the rays of the sun. These rays warm all sub- 
stances which are exposed to their action; they in- 
-sinuate themselves among the particles of the body, 
and adding to the quantity of fire it already contains, 
heat is produced. The effect of these rays, when 
collected by mirrors, or by lenses, into a focus, is 
very great. If a great number of plane mirrors re: 
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ceive the rays of the sun, and these rays are so di- 
rected as to fall upon the same substance, the body 
will be considerably heated, and more so in pro- 
portion to the number of rays that fall on the body. 
So long as the rays preserve their parallelism, but 
little heat arises from them; but when they are 
thrown together in various directions, and, return 
upon themselves, either by the action of air, or by 
attrition, or by the refractions and reflexions of 
burning-glasses, they work together with an ex- 
pansive force, and never fail to affect us with a 
sense of heat. | 

Present a concave mirror to the rays of the 
sun, so that the plane of the mirror may be be as 
nearly as possible perpendicular to the incident rays 
before the mirror, a bright cone of light will be 
formed; the reason of which I shall explain in the 
Lecture on Catoptrics. If you place any substance 
at the apex of this cone, it will be quickly melted, 
burnt, calcined, or vitrified, according to its nature. 

In the same manner, if you expose a convex 
lens to the sun, so that its axis, when prolonged, 
may be nearly parallel to the incident rays, a cone 
will be formed behind the lens, in the apex of 
which the same effect will be produced as with the 
concave mirror. | | 

The solar light will act as the most violent fire, 
even in vacuo: it will act also in the same manner on 
the top of the coldest mountains. Nay, M. De Saus- 
Sure thought it more powerful on the top of the 
mountain than on the plain below. Thus we find 
the solar light producing heat where there is scarce 
any other substance present, that we know of, but 
the light itself, and the body to be acted upon. 

From these experiments we may conclude, that 
by whatsoever means the solar rays are united, they 
produce heat, which is more active in proportion as 
a greater number aro collected together in the 
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smallest space. The activity at the focus of a lens 


18 relative, not only to the number of rays collected 


together in a given space, and consequently to its 
surface or diameter, but also to the manner in which 
they are collected; for, if between the lens and its 
focus, and at about two thirds the length of the 
axis of the luminous cone from the lens, you place 


another smaller convex lens, this lens will increase 


the convergence of the rays, and thereby augment 
their activity, although there may be fewer rays col- 
lected together; for many of them are intercepted 
by the solid part of the lens. From whence it fol- 
3 that the ſocus is more powerful in proportion as 
the rays collected together form amongst themselves 
more obtuse angles. 

The effects produced by a convex lens depend on 
its transparency and figure; every transparent sub- 
stance of the same figure will produce the same ef- 
ſects: thus, a burning lens may be formed of ice, 
or even a bottle of water. In the same manner, the 
effects of concave mirrors depend only on the polish 
of their surface and the figure, so that they may be 
made of plaister of Paris, paper, &c. The parallel 
rays of the sun might go on ſor ever, and give little 
or no sensation of heat; but as soon as they are 
turned upon each other by the refractions of a convex 
lens, or the reflcxions of a concave mirror, heat is 
the immediate consequence: how intense soever the 


fire at the focus may be, it vanishes the instant the 


glass is removed. The solar rays alone do not pro- 
duce heat; for when they are acting on any substance, 
you may place your finger within a few inches of the 

argest burning lenses with as much impunity as if 
you were twenty feet distant. 

We may conclude from these experiments, that 
where nieht proceeds in à considerable quantity 
from a point, diverging as the radii of a circle from 
its center, there a considerable degree of heat will be 
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ſound to exist, if an opake body with no gre re- 2 
fleetive power is placed at, or very near 4 point. 


The action of the light may, in this ease, be Nb n 


dered as the ultimate cause of the heat. 
If the point from which the rays are emitted bei in 

a transparent medium, as air and water, that me- 
dium, without the presence of an opake body, will 
not be heated: another cause, therefore, of heat is 
the resistance of the parts of the body on which the 
light falls. 

If a body capable of reflecting light very 7 
be brought near the Jucid point, it will not be heated; 


a penetration, therefore, of light into the substance, 


and a considerable degree of resistance on the part f 
the body to the action of light, are requisite to the 
production of heat; consequently, those bodies wall 
conceive the greatest degree, into whose substance 
light can penetrate best, i. e. which have the least 
reflective power, and which most strongly resist its 
action, as is evidently the case with black and solid 
substances. | 

Archimedes is the first we oo of — used burn- 
ing- glasses of considerable power. It is related of 


him that he set fire to the ships of Marcellus by 


means of a burning- glass, composed of small square 
mirrors moving every way upon hinges, which when 
placed in the sun's rays, directed them upon the 
Roman fleet so as to reduce it to ashes, at the dis- 
tance of a bow shot.“ Many of the discoveries of 
this wonderful man have appeared so much above the 
reach of man, that among the learned it has been 
found more easy to call them in doubt, than to in- 
vestigate the means whereby he had acquired them; 
and some have boldly denied what they did not 
understand. This was the case with his mirror, the 


* Duten's Inquiry into the Origin of the Discoveries attributed to 
the Moderns. 
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possibility of producing mich effects being denied, 

till it had been in some degree realized by Father 
Kircher and Mr. Buffon; the latter availing himself 
of the contrivance of Archimedes, formed a burning 
glass of 168 small plane mirrors, which produced so 
considerable a degree of heat, as to set wood in 
flames at the distance of 200 feet, melt lead at _ 
and silver at 50. 

The lens of M. de Jochirnſiausen, which was hs. 
tween three and four feet diameter, and whose focus 
was rendered more vivid by a second lens, vitrified 
tiles, slates, pumice- stones, &c. in a moment; pitch 
and all resins were melted even under water; the 
ashes of vegetables, wood, and other matters, were 
transmuted by it into lass; indeed it either melted, 
calcined, or — into smoke, every thing ap- 
plied to its focus. | 

Mr. Parker, of Fleet-street, made a lens of three 
fect diameter of flint glass, which, when in its frame, 
exposed a surface of two feet eight inches and an 

half to the solar rays; it had a small lens fitted to it, 
to conyerge the rays and heighten the effect. The 
experiments made with this Jens are too numerous 
to be related here; it will be only necessary to ob- 
serve, that they were made with much greater accu- 
racy than any made by other glasses.“ The follow- 
ing table will give you a general idea of its effects. 


* Concave glasses, or metallic mirrors of large diameters answer 
the purpose of burning by the solar rays suffieiently well; but con- 
vex glasses when clear are preferable, on account of the rays being 
capable of being refracted direetly down _ the object to be 
used. Eptr. 
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This, plate 5, fig. 8, represents the usual mode of 
mounting large burning lenses; the large lens is 
placed in a frame AB, the smaller lens in the frame 
CD, parallel thereto, and connected to the larger 
one by the ribs of wood, a, b, c, d, e, f. H is the 

aratus for supporting the substance that is to be 
exposed to the condensed solar rays. The whole is 
supported by a semicircle EF G, by which the lenses 
may be placed in a proper direction to receive the 
rays of the sun. The semicircle is sustained by a 
strong pillar and claw feet. 


OF THE METHODS OF AUGMENTING OR DIMINISH- 
ING THE ACTION or FIRE, 


The first method is to increase the quantity of 
fuel; the second, to concentrate this action, and 
prevent its being dissipated in too great a space; 
thirdly, to direct the action of the fire to one place; 
fourthly, to blow the fire with vital air. 

The first method is familiar to every one. You 
all know that by adding fuel a fire may be increased: 
the quantity of fuel laid on the fire, must, however, 


always be proportioned to its bulk and degree of 
inflammability. No substance can be inflamed with- 


out vital air, and the developement of phlogiston; 
and this only takes place at a certain degree of heat. 
If the fire be small and the substance large and damp, 
the fire is extinguished before a sufficient heat can 
be communicated to the substance. In the same 
manner, a candle is extinguished by inverting it, the 
tallow which runs upon the wick not being suffici- 
_ heated for inflammation; As 
he second method is used by artists and che- 
mists, by means of their furnaces, which they endea- 
vour so to construct, that the fire contained therein 


may become a center of activity, whose rays striking 
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the top of the furnace, are thence reverberated, and 
concentrated so as to act with greater force. 
The third method is put in practice also by a va- 
riety of artists, who concentrate or direct the flame 
by means of the blow-pipe or bellows: the flame 
thus directed is of force sufficient to melt glass, 
enamel, and metals; for, by these means, the fluid 
proper for combustion is introduced into the flame, 
and a great heat excited at the place required. - Thus 
the effect of the most violent heat of furnaces may 
be produced by the flame of a candle or lamp, urged 
upon a small particle of any substance by the blow- 
ipe. | 
: The fourth method consists in animating the fire 
with vital air. M. Lavoisier has made many curious 
experiments with fire thus animated, and has hardly 
found any substance which did not yield to its vio- 
lence; it exceeded even any thing effected by burn- 
ing-glasses or\mirrors. For, in his first attempt, the 
intensity of the heat produced was so great, as to 
melt with ease a small quantity of crude platina; it 
soldered rubies together without injuring their co- 


lour or affecting their weight; emeralds, chrysolite, 


and garnet, were almost instantly melted into an 
opake-coloured glass. Here it may be worth ob- 
serving, that among precious stones, the diamond 
presents a property peculiar to itself; it burns in the 
same manner with combustible bodies, and is en- 
tirely dissipated. 

I shall now lay before you some opinions on this 


interesting element, which could not be introduced 


with ease in the body of the 8 Lectures, 

leaving you to compare them when at leisure with 

the facts you already know, and the hypotheses you 

have just examined. i ; L 
The authors of the Encyclopedia Britannica agree 

with M. Lavoisier in reprobating the use of the word 

heat instead of fire, because heat is not a fluid but 
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a modification of a fluid; and that in this view of 
things, it can neither be absorbed nor attracted, nei- 
ther can any body have a greater capacity for it than 


another, except in proportion to its bulk, which al- 


lows a larger quantity of fire to enter, and to assume 
that particular motion which constitutes heat. As 
heat is evidently occasioned by the rays of the sun 
when concentrated, and also by the concentration of 
the electric fluid; if fire, therefore, be the cause of 
heat, as is clearly proved in the following Lectures, 
we are certainly entitled to conclude, that the light 
of the sun and electricity are modifications or com- 
ponent parts of elementary fire, When bodies are 
heated, they expand in every direction; therefore 
fire, when in a rising state, acts as from a center to 
a circumference; when in a descending state, or 
growing colder, it acts from a circumference to a 
center. ' 
lt has been already shewn by undeniable experi- 
ments, that fire is the cause of fluidity: when the 
expansive action of this element is confined within 
the surface of any body, to preserve it in a particu- 
lar state, it may be called latent fire, because it does 
not extend beyond the surface, and cannot affect 
the thermometer, or have its existence manifested to 
us by the sense of feeling. But when this expan- 
sive action is transferred from the internal parts of 
the substance to the surface, it then affects the ther- 
mometer. ä n 

This is by some writers called the conversion of 
latent into sensible heat, by others, the alteration of 
the capacity: whatever name we give the effect, the 
cause remains the same, the opposite actions of the 
same fluid; the expansive action in some cases coun- 
teracting or overcoming the condensing one, and 

dice vera. | 

In many instances the expansive power is natu- 
rally of force sufficient to produce and maintain flu- 
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idity; it may, however, in most instances be made 
to effect this artificially. A certain degree of expan- | 
sive power exists in all bodies; and this has been 
called the specific heat of the body. 

The dt. of a body seems to consist in a "es 
nution of the expansive action on its surface, by an 
opposite power or modification of the fluid on the 
outside: when this is very strong, it is su posed to 
expel a portion of fire Bach the bod - mm g 
When the expansive action of fire within any 
substance becomes greater than is consistent with its 
cohesion, it is dissipated or resolved into vapour. 
This, however, may be done in such manner, that 
the fire may act on the internal parts of the Separated 
body, without spending any of its force upon the 
parts of external substances. Hence vapour conti- 
nues to exist in a temperature much below that in 
which it was originally produced. When this latent 
fire is transferred to extegnal bodies, the vapour 
ceases to be vapour, or is condensed; and in some 
cases returns to its original state; in others, it is 
productive of light and vehement heat. 


A CONCISE VIEW OF DR. CRAWPORD'S THEORY 
OF ANIMAL HEAT. 


For a full yiew of this admirable theory, I must 
refer you to his work; it is a work that deserves 
your serious attention, not only from the impor- 
tance of the subject, and the ingenuity and beauty 
of the theory it proposes, but from the manner in 
which it is treated, I know of no work in which, 
the rules of Lord Bacon have been more rigorously 
followed. Here you will find principles investigated 
with judgment; experiments of the most delicate 
nature, made with care, and described with accu- 
racy; the deductions natural and luminous. Thus 
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work will always be considered as a val uable acquisi- 
tron to science and mankind. 

Fire is known, according to Dr. Crawford, 1. By 
the peculiar sensations which 1t excites: considered 
as exciting these sensations, it is called heat. 2. It 
is known by its effects upon an instrument that has 
been employed to measure it, called a thermometer; 
and this is termed the temperature of fire in bodies. 
3. It has been found by experiment, that in bodies 
of different kinds, the quantity of fire may vary, 
though the te tures. and weights be the same. 
When fire is considered relatively to the whole 
juantity of it contained in bodies of different kinds, 
t which have the same w and temperatures, 
it may be termed specific fire.“ If, for example, 
the temperatures and weights being the same, the 
whole quantity of fire in water be four times as great 
as that of antimony, the specific fire of these . 
stances is said to be as ſqur to one. 

Heat is measured by the intensity of our sensa- 
tions; temperature, by the expansion of the fluid in 
the thermometer; specific fire by the alterations of 
temperature, which equal quantities of fire produce 
in bodies that have equal weights. 

Thus two bodies are said to have the same heat, 
when they equally affect the organs of feeling; and, 

a greater or less degree of heat, as oy En a 
greater or less effect upon those organs 

Bodies are said to have the same temperature, that 
produce equal expansions in the thermometer; and 
the same body is said to have a higher or lower tem- 
perature, according as'a greater or less degree of 
expansion is mdicated by the thermometer. 

The yulgar make use of the human body as a 
standard for the measure of temperature; but this is 


by no moans Sufficiently accurate for kannste 
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persons, because the sensations of no two persons 
agree, nor even those of the same persons at diffe- 
rent times. BIN 

Dr. Crawford has shewn, that the specific fire of 
bodies, which are of the same weights and tempera- 
ture, is greater or less in proportion as greater or less 
alterations are produced in their temperatures by 
equal quantities of fire. Thus it is found, that the 
same quantity of fire which raises a pound of water 
one degree, will raise a pound of mercury twenty- 
eight degrees; from whence it has been deduced, 
that the specific fire of water is to that of mercury, 
as twenty-eight to one. 

As equal weights of heterogeneous substances are 
ſound to contain unequal quantities of fire, there 
must be certain essential differences in the nature of 
bodies, whereby some can collect and retain a greater 
quantity of fire than others. These different powers 
are called the capacities of bodies for containing fire. 
Thus, if you find by experiment that a pound of 
water contains four times as much fire as a pound 
of diaphoretic antimony at the same temperature, 
the capacity of water is said to be to that of anti- 
mony as four to one. | 

The temperature, the capacity for containing fire, 
and the fire contained, may be distinguished from 
each other in the following manner. When we 
speak of the capacity, 3 mean a power inherent in 
the heated body; by fire, the fluid retained in the 
body by means of this power; when we speak of 
temperature, we consider fire as producing certain 
effects upon the thermometer. 

The capacity for containing fire may continue 
unchanged, though the quantity of fire be varied, 
If a pound of ice be supposed to retain its solid form, 
the quantity of fire will be altered by every increase 
or diminution of heat; but as long as its form or 


* 


472 DR. CRAWFORD's THRORY 


state continues the same, its capacity for receiving 
is not affected by an alteration of temperature. 

A body with a smaller capacity for containing fire, 
has its temperature more augmented by the addition 
of a given quantity of fire than that whose capacity 
is greater. Hence the temperature of a body de- 


pends partly upon the quantity of fire, and partly 
upon the nature of the body containing the fire; 


and, consequently, the temperature may be varied, 
either by a change in the nature of the body itself, 
or by a change in its quantity of fire. 

If the variation in temperature arise from the first 
of these circumstances, it follows, that in the same 
body the temperature may vary, though the fire 
continues the same. 33 
If, for example, a body of a given weight be sup- 
posed to have a capacity as one, a quantity of fire 
as ten, and the temperature computed 3 the 
point of total privation, as if the capacity be con- 
ceived to be doubled, the same quantity of fire 
which before raised it to the temperature of ten, will 
nov be sufficient only to raise it to fie. 

Dr. Crawford lays down the following facts as the 
principles upon which his very curious experiments 


are founded; which I relate more willingly to — 


as they will confirm the greater part of what we have 
already said to you on the subject, and tend to im- 
press it more strongly on your minds. 
1. Fire has a constant tendency to diffuse itself 
over all bodies till they are brought to the same 
temperature. | 
Thus, if two bodies are mixed together, or placed 
contiguous to each other, the fire passes from one to 
the other, till they. are of the same temperature; 
and all the inanimate bodies, when heated and 
placed in a cold medium, gradually lose heat, till 
they are brought to the state of the surrounding 
medium. 2 


* 
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In other words, bodies in contact, or that com- 
municate with each other, will all acquire aſter a 
certain length of time the same temperature, howe- 
ver different their respective original temperatures 
may have been. Two bodies, which when in con- 
tact neither receive nor impart heat, are of the same 
temperature. All bodies, thereſore, which by direct 
or successive contact communicate with 82 other, 
must have the same temperature, or the fire will dif- 
fuse itself among them, till they have acquired a 
common temperature. | | 
Consequently, the various classes of bodies through- 
out nature, if they were not acted upon by external 
causes, would at length acquire a common tempe- 
rature, and the fire would be quiescent; as the 
waters of the ocean, if not prevented by the winds 
and by the action of the sun and moon, would come 
to an equilibrium, and would remain in a state of 
rest. But causes continually occur in nature to dis- 
turb the ballance of heat, as well as that of the waters 
of the ocean, whose waters are kept in a constant 
fluctuation. 2 2585 | 
2. Fire is contained in all bodies in eonsiderable 
quantities, when at the common temperature of the 
atmosphere. | 
Me are told by Dr. Pallas, that in the deserts of 
Siberia, during a very intense frost, the mercury was 
found congealed in the thermometers exposed to the 
atmosphere, and a quantity of that fluid in an open 
bowl placed in a similar situation, at the same time, 
became solid. Now, it has been proved by experi- 
ments made at Hudson's Bay, that the freezing point 
of mercury is very nearly 40 degrees below the zero 
of Fahrenheit's scale: to this degree the atmosphere 
in Siberia must have been cooled. From a paper 
read at the Royal Society we learn, that in the win- 
ter, 1785, a spirit of wine thermometer fell to 42 
below O in the open air at Hudson's Bay; and from 
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the same communication we find, that by a mixture 
of snow and vitriolic acid, the heat was so much di- 
minished that the spirit of wine thermometer sunk 
to 80 below o, that is 112 degrees below the freez- 
ing point of water. It is therefore plain, that there 
is a considerable quantity of fire acting in all bodies, 
when at the common temperature. n 
3. If the parts of the same homogeneous substance 
have a common temperature, the quantity of fire will 
be proportional to the bulk or quantity of matter. 
That is, a pound of gold contains an equal quan- 
tity of fire with another pound of gold at the same 


1 * 


tity with another pound of water; and the quantity 
of fire in two pounds of water is double that which 
is contained in one pound, when at the same tem- 
perature. n Hs 1 
4. The dilatations and contractions of the fluid in 
the mercurial thermometer, are nearly proportional 
to the quantities of fire which are communicated to 
the same homogeneous bodies, or separated from 
them, as long as they remain in the same state. 5 
+ Thus, the quantity of fire required to raise a body 
four degrees in temperature by the mercurial ther- 
mometer, is nearly double what is required to raise 
it two degrees, and four to raise it one degree; and 
80 on in proportion. eg | 
The capacities of bodies for containing fire are 
nearly permanent, as long as they retain the same 
form. E oberg 9. 
The capacity of a body for fire is said to be per- 
manent, when the same quantity of fire which raises 
it to one or two degrees, as measured by an equi- 
differential thermometer at a given temperature, 
will raise it an equal number of degrees at all other 
| temperatures. On the contrary, the capacity is said 
| to be increased or diminished by an alteration of 
temperature, when, in consequence of such an alte- 


temperature, and a pound of water an equal quan- 
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ration, a greater or less quantity of fire must be 

applied to produce an equal effect upon the ther- 
mometer. en 

We have already shewn you, that the mercurial 


thermometer is nearly an accurate measure of heat, 


and that when equal portions of warm and cold wa- 
ter are mixed together at different temperatures, 
the mercurial thermometer indicates very nearly an 
arithmetical mean; and, ots hy, that the ca- 
pacity of water is permanent in all the intermediate 
temperatures between the freezing and the boiling 
points. For if, when the heat augmented, the ca- 
pacity of water was increased, an equi-differential 
thermometer would point to more; and, if dimi- 
nished, less than the arithmetical mean. 

If two equal and similar bodies that differ in tem- 


perature, be brought together, they will by commu- 


nication acquire a common temperature, and their 
quantities of fire will by that means be rendered 
equal; that is, the hotter of the two bodies will have 


communicated half the excess to the colder: there- 


fore, the quantity of fire in one of these two equal 
bodies will be an arithmetical mean between the two 
quantities originally possessed by each of them; in 
other words, its temperature will exceed the colder 
exactly as much as it falls short of the hotter body. 

If the two bodies had been unequal, they would 
also acquire a common temperature by communica- 
tion, but the excess of fire would not have been 
equally divided between them. For, the quantity 
of heat in such bodies is in proportion to their quan- 
tities of matter; and the excess of heat in the hotter 
body is divided between them, in proportion to their 
weights. | 
From hence it is concluded, that the quantity of 


fire required to be added to, or taken from bodies 


of the same kind, to produce equal changes of tem- 
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perature, will be in proportion to their quantity of 
WATrer, 28 | © pa LN 

5. Unequal quantities of fire are required to 
produce equal alterations of temperature, in equal 
weights of heterogeneous bodies. 

hus, if the temperature of a pound of mercury 
be raised one degree, and that of a pound of water 
one degree, it will be found that uncqual quantities 
of fire have been communicated to the mercury and 
to the water. | 

If a pint of murcury at 100 be mixed with an 
equal bulk of water at 50, the change produced in 
the mercury will be to that produced in the water as 
three to two. From whence it is inferred, chat the 
fire in a pint of mercury is. to that in a pint of water 
as two to three; or that the specific fire in these 
bodies is reciprocally proportional to the changes of 
heat produced in them, when they are mixed together 
at different temperatures. | 

To iustrate, this further, let four pounds of dia- 
phoretic antimony at 20 be mixed with one pound of 
ice at 32, the temperature of the mixture will be 
nearly 26. The ice will be cooled six degrees, and 
the antimony heated six degrees. Reverse the ex- 
periment, and the effect will be the same. Take six 
degrees of heat from four pounds of antimony, and 
add to it a pound of ice, the latter will be heated six 
degrees. The same quantity of fire, which raises a 
pound of ice six degrees, will raise four pounds of 
antimony six degrees. 

If this experiment be made at different tempera- 
tures, you will have the same result. Now, as the 
power (capacity) by which bodies retain and receive 
fire remains the same while they retain the same 
form, not being altered by a change of tempera- 
ture; it follows, that the same quantity of fire which 
raises ice 200, or any given number of degrees, 
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would raise the antimony an equal number of de- 


One pound of ice, therefore, and four pounds 
of antimony when at the same temperature, contain 
equal quantities of fire. But four pounds of anti- 
mony contain four times as much fire as one pound: 
therefore the quantity of fire in a pound of ice is to 
that in a pound of antimony as four to one. 

That you may understand this subject better, I 
shall now state it more accurately in Dr. Crawford's . 
words. Dr. Black perceived, that by mixing to- 
gether bodies at different temperatures, an estimate 
might be formed of their comparative quantities 
of heat, or of their capacities for containing that 
element. 

Thus when a hot and cold body are mixed 
ther, if their capacities for heat be equal, the di- 
minution in the temperature of the former, and the 
increase in that of the latter, will be half the dif- 
fcrence of the separate heats; or the thermometer 
immersed in the mixture, will point to an arithme- 
tical mean. But if their capacities for heat be un- 


equal, the common temperature of the mixture will 


not be the arithmetical mean; 1t will be nearer to 
the original heat of the body, which has the greater 
capacity, than to that of the other. If, for example, 
a pound of mercury at 79 be mixed with a pound of 
water at 50, the temperature of the mixture will be 
51; or the mercury will be cooled 28 degrees, and 
the water will be heated only one degree. Hence 
Dr. Black inferred, that water has a much greater 
capacity for heat than mercury. 

Having thus discovered a measure for determining 
the comparative quantities of heat in bodies, it was 
tound by a series of trials which were instituted by 
Dr. B/ack and Dr. Irume upon metallic and saline 
bodies, that the element of fire is distributed in 
various proportions throughout those substances, or 
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in other words, that in equal weights they contain 
unequal-quantities of elementary fire. 2. It hke- 


wise appeared, that when bodies undergo a change 


of form, their capacities for containing heat or ele- 
mentary fire, are, for the most part, suddenly in- 
ereased or diminished. When their capacities are 
diminished, they part with a portion of their. ele- 
mentary fire; and when their capacities are again 
increased, they.re-absorb an equal portion of fire 
from the surrounding bodies. Dr. Black has shewn 
in particular, that when solid bodies, by exposure to 
heat, are changed into liquids or into vapour, they 
absorb a quantity of elementary fire, which is neces- 


gary to their existence in the liquid or vaporific form; 


and that, on the contrary, when vapours are con- 
densed, or non- elastic. fluids are congealed, they part 
with the heat which they had before absorbel. 

In reflecting on these — Dr. Crawford thought 
it probable, that by measuring the comparative quan- 
tities of fire in the solid and fluid parts of animals, as 
well as in alimentary substances, he might be enabled 
to trace the source of animal heat. 

The result of his inquiry led not only to the 
cause of this phenomenon, but likewise to that of 


the heat produced by the inflammation of combus- 
tible bodies. 


The evidence upon which his doctrine respecting 


. the cause of animal heat and combustion rin 
comprized in the following propositions: 

Ist. That the quantity of heat contained in pure air 
is diminished by the change which it undergoes in 
the lungs of animals; and the quantity.of heat in any 
kind of air, that is fit for respiration, 1s nearly pro- 
portioned to its power in supporting animal life 
-2dly. The blood which passes from the lungs to 
the heart by the pulmonary vein, contains more ab- 
solute heat (fire) than that which passes from the 
heart to the * by the pulmonary artery. 
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- $dly. The e comparative quantities of heat i in bo- 
dies, supposed to contain phlogiston, are inereased 
by the changes which they undergo in the 8 
of calcination and combustion. 

Athly. When an animal is placed in a warm me- 
dium, the colour of the venous blood approaches 
nearer to that of the arterial; than when it is placed 
in a cold medium; the quantity of respireable air 
which it phlogisticates, in a given time, in the for- 
mer instance, is less than that which it phlogisticates 
during an equal space of time in the latter; and 
the quantity of heat produced when a given portion 
of pure air is altered by the respiration of an animal, 
is nearly equal to that which is produced when the 
same quantity of air is altered by the n of 
wax or charcoal. 

Having established the truth of these propositions 
by direct experiments, Dr. Crawford deduces from 
them the following explanation of the cause of 
animal heat and combustion. | | 

The purer part of the atmospherical air received 
into the lungs of animals in respiration, is con- 
verted by its union with the inflammable princhitle 
of the blood into fixed air, and aqueous 
It appears by experiment, that the quantity of obs. 
mentary fire contained in pure air, is to that con- 
tained in fixed air, and aqueous vapour, nearly as 
three to one. 

Hence it follows, that in the process of respi- 
ration, the pure air must necessarily give off a con- 
siderable proportion of its elementary fire. It 
moreover appears from the second proposition, that 
the blood, in its passage through the lungs, has the 
quantity of its 1 —. fire increased; and con- 
sequently, in the process of respiration, a portion of 
that element must be absorbed by the blood. The 
truth of this inference is farther confirmed by the re- 
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salts of the experiments which were adduced in proof 
| or the third and fourth propositions. * 

For from the third proposition it appears, that 
when bodies are united with the inflammable prin- 
ciple, they part with a portion” of their —— 
fire, and that when this principle is again disengage 
they re-absorh” an equal portion of fire from the 
Surrounding bodies, It moreover appears from the 
experiments of Dr. Priestley, that in the process of 
respiration the inflammable principle is Separated 
from the blood, and combined with the air. Hence 
it follows, that the quantity of elementary fire in 
the former must be increased, and that in the latter 
diminivhed. This conclusion is still further corro- 
borated by the fourth proposition; whence it ap- 
pears, that the 2 of the inflammable principle 
discharged, and of elementary fire absorbed in the 
Process of respiration, is greater or less, in proportion 

as the animal is exposed to a colder or to a warmer 


—— The explanation of the cause of combus- 
tion is as follows. 


It appears, by experiment, that the purer part of 
atmosphberical air contains much elementary fire; 
that when it is converted into fixed air and aqueous 


vapour, the greater part of this fire is detached; and 
that the capacities of bodies for containing heat are 


mereased by the changes which they ee in the 


of combustion. 
Hence it is inferred, that the heat which is 
| Sava by combustion, is derived from the air, and 
not from the inflammable m6 for inflammable 


bodies contain little 28 Atmospherical 


air, on the contrary, a 8 with this principle. 
In the process of CN the pure air is, for 


the most part, converted into fixed air and aqueous 
vapour, and at the same time gives off a great pro- 


portion of its fire, which, when extricated, suddenly 
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bursts forth into flame, and produces an intense 
degree of sensible heat. It is inferred, on the con- 
trary, that no part of the heat can be derived from 
the combustible body; for the combustible body, 
during the inflammation, undergoes a change similar 
to that which is produced in the blood by the pro- 
cess of respiration, in consequence of which its ca- 
ity for containing heat is increased; it therefore 
will not give off any part of its heat; but, like the 
blood in its passage through the lungs, it will absorb 
heat. Hence Dr. Crawford concludes, that the sen- 
sible heat, which is excited in combustion, depends 
upon the separation of fire from the purer part of 
the atmospherical air. If the quantity of air, which 
is changed by the process of combustion in à given 
time, be very great, the change is attended with 
much light, with a vivid flame, and with intense 
heat; but if the alteration in the air be slow and 
gradual, the heat passes off imperceptibly to the sur- 
rounding bodies. | of | 
It is hardly necessary to observe to you, that 
Dr. Crawford's ingenious theory differs, in some re- 
spects, from what has been already laid down in 
these Lectures; it remains for you to decide which 
is most conformable to natural appearances. In this 
decision you will be assisted by the facts and consi- 
derations that will be introduced in some of the sub- 
8equent Lectures. I shall therefore conclude this 
with a few general observations on the doctrine of 
capacities for fire. w | 70 | 
No proper estimate can be made of the quantities 
of heat bodies are capable of giving and receiving; 
unless fire never acted in any other way than by af- 
fecting or dilating the volume. This, however, is 
not the case; for fire appears to resist other actions 
of bodies besides that of gravitation. Unless there- 
fore it be supposed, that in the various composi- 
tions which take place, Fen in the most homoge- 
VOL. 1, H 


482 DR. CRAWFORD'S THRORY/ 


neous substances, the different kinds of matter are 
equally proportioned and disposed, no rule can be 
properly formed with regard to the quantity of heat, 
which bodies of different substances should give or 
receive, when the equilibrium of heat among them 
and surrounding bodies is changed. e 
But further, the weight of bodies is not the part 
which should be considered in the theory of capa- 
cities; it is their volume, or the space they occupy, 
vrhich should be chiefly attended to; for a vacuum, 
which has no weight, contains fire. Nor are the 
different degrees of tendency among the particles of 
the substances to be noticed in this theory; for in a 
vacuum there is no sensible substance to resist the 
dilatation of fire, yet it is as much compressed, or 
shews the same degree of expansibility, as in other 
substarlces of the same temperature. From hence it 
is highly probable, that the phenomena of capacities 
are occasioned by the expansive faculty of fire; for 
no one can doubt, that at the same temperature, and 


with the same volume, but what there is less in a 


vacuum than in other bodies. EVO 
Although the Torricellian vacuum, when well 
made, seems deprived of every sensible substance, 


aà thermometer included in this place would con- 


form itself to the exterior temperature, as if it were 
in the air, in water, or any other substance. If then 
its expansive faculty does not augment in this space, 
where it is the only known substance, it ought to 
be in greater quantities there than in any other equal 
space occupied partly by the particles of another sub- 
stance. But it is probable, of equal spaces, it is that 
which contains the least fire: if any one doubts 
this conjecture, let him try it by experiment, ac- 
cording to the present theory of capacities; but first 
let us inquire of hun what weight he would assign 
to the vacuum? | 


* De Luc's Letters in the Journal de Physique. 
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The capacity of bodies, with respect to heat, sup- 


es two things, 1. That there is a quantity of 
diffusible fire to be communicated among bodies: 
and 2dly, That there is an equilibrium state of 
heat to be formed among them, by each giving or 


receiving its proper quantity. This transferable sub- 


stance may be termed diffusible fire, to distinguish 
it from the constitutional fire of bodies, which is not 
immediately diffusible. 


In the constitutional fire of bodies, two species | 


may be distinguished, according as the bodies are 
solid (concreted) or fluid. But as every natural 
body must have a certain. degree of constitutional 
fire, without which the distension of the body would 
be extinguished by the condensing powers. Thus 
then is the constitutional fire of volume, or power 
of distension, necessarily opposed to a certain quan- 


_ tity of gravitating or condensing power. 


Volume, in natural bodies, is an essential quality, 
and fire, acting as heat in volume, is an essential 


principle. There is therefore in bodies a constitu- 
tional degree of heat which cannot be separated; 


and it is only the superfluous heat which 1nay be dif- 
fused among bodies, according to their capacities 


_ for receiving it. 


But as volume in bodies is a changeable quality, 
there may be a certain quantity of fire, which in one 
degree of distension may be considered as constitu- 
tional for that particular volume, which in another 


degree, or in a different volume, might become su- 


perfluous and diffusible. 

Bodies are found to be composed of two different 
kinds of matter, and to subsist in three distinet 
states or modifications of their compound substance; 
which three states are commutable, according to 
the changed proportions and gircumstances of the 
matter or constituent principle. Hardness inay be 
considered as. the first of _ States, in which the 

H h 2 


OE Ke — 
* * — — 


484 pn. CRAWFORD'S THEORY 
power of concretion, as well as gravitation, is found 
to prevail. Secondly, there is a softness or fluidity, 
in which nothing but the power of grayitation is 
perceived, and when the power of coneretion is 
ballanced by a certain quantity of fire, distinguished 
by the name of latent fire. And thirdly, we find 
the state of fluid elasticity, where not only the 
power of coneretion is ballanced by a certain quan- 
tity of fire, but also the power of gravitation, which 
should tend continually to diminish the volume of 
the body, is opposed by another quantity of fire, 
imparting elasticity and expansion to the substance 
of this body. . 
The diffusion of fire is an action and effect of this 
matter, distinctly different from those which are 
produced by opposing the gravitation and concretion 
of matter in a body. | 
The diffusion of fire is a peculiar action thereof, 
and which, like every other event, takes place only 
when the proper conditions for this action shall ar- 
rive; it is therefore by knowing these conditions 
that this operation in bodies is to be understood, 
as it is by the changed volume, and different states 
of bodies with respect to hardness and fluidity, as 
also by our sensations, that this diffusion of fire, 
from one body to another, may be concluded as 
having taken place. 
To pursue this element in its various modifica- 
tions, you must discriminate the action of fire, when 
it opposes and ballances the action of gravitation and 
of hardness, from that operation of transition, by 
which it is translated from one body to another, or 
by which, without changing the body, it leaves the 
opposition and ballance of one power in order to 
resist another. This elective action of fire neces- 
sarily requires conditions, without whieh matter 
never acts. But such is our imperfect knowledge 
of the constitution of material things, that we can- 
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not attempt to give a detail of the conditions by 


which the action of transition in fire may be influ- 
enced or affected. ALPS 1} * 
Though we cannot ive the condition of these 
actions, yet enough has been investigated to dis- 
cover wisdom in the laws of actions, by which those 
conditions are conceived to be rendered subservient 
to certain ends. The manifold operations n 
to produce hardness, softness, fluidity, &c. in all 
their various degrees, are conducted amidst powers 
mdefinitely multiplied, combined, and opposed; yet 
there does not appear the least confusion or disorder 
in the effect. 1 ef 10503 ih 3847 11 
I have now finished the Lecture on fire, in which 
I have given you a general account of its agency and 
operation. You have seen it produce the most won- 
derful changes in bodies: thesò and various of its 
effects are well known, while its own nature still 


remains amongst the most inscrutable mysteries. It 


manifests itself in a variety of forms, a diversity and 
apparent contrariety of effects; it dwells in the most 
compacted ice, and is quiescent in the dark flint, 
yet diffuses a world of light through the planetary 
system. Its operations are reducible to no standard; 
for it acts according to the kingdom in which it 
moves, and the subject it possesses. It flashes in 
lightning, and faintly illumines the glow-worm's 
feeble lamp; it warms us by the consumption of our 
fuel; it destroys and preserves life, and is the root 
of all vitality. Without it there would be neither 
vegetation, nor animality, nor appetite, nor con- 
junction, nor fecundity, nor growth. In a word, 
it may be considered in its ministry, under the Om- 
4 Artificer, as the soul of the world, and the 
life of creation. 10. | ale v 
The rays of the sun, or the heat of an artiſicial 

h is equivalent, are so absolutely necessary 

to the growth of herbs, that in their season for 
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taking in the sap, in their stature, and in their qua- 
lities, they are wholly influenced by the solar rays. 
The plants which are the lowest in stature appear 
first, early in the spring; these are sueceeded by 
others of a larger size, till at last the under shrubs 
and trees put forth in their order; when the sun is 
at its greatest exaltation in summer, the whole ve- 
getable creation is in its est glory and beauty. 
As the sun declines, this vegetative motion lan- 
| wee and the order they observed in putting 
forth their leaves, flowers, and fruits, is now in- 
verted in their decay; the tallest trees are generally 
the first that drop their leaves, and the lower follow 
at a proper distance, till by degrees the smallest 
shrubs, except ever-greens, are all stript of their 
covering, and so continue till the sun, at his return, 
puts new life and moisture into their veins, It is 
to the powerful agency of fire you must recur to ac- 
count for the alterations of which the bodies of ve- 
getables and animals are susceptible. The motion 
of the sap, the mild fermentation which ripens fruit, 
the composition of animal fluids, their decomposi 
tion, successive changes and putreſaction, in these 
and infinitely other phenomena, fire is the governing 
principle. E bt 11 Fri | 
Air, light, and fire, are the instruments, which 
God has manifestly ordained as secondary, and sub- 
servient to his own power in the economy of the mate- 
rial world; and they are so universally extended and 
incorporated with other things, as to be serviceable 
in the motion of all its particular parts. One or the 
other of these is present to all those effects which 
have fallen under the observation of philosophers. 
This conclusion may indeed be deduced from pre- 
mises plain and obvious, without the assistance of 
philosophy or the mathematics. For what learning 
is necessary to discover that light gives sight to the 
eyes; that air is the breath of liſe; and that without 
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fire, applied to its proper degree, the blood is con- 
gealed and the limbs are inflexible? All this is 
evident to the most undisciplined apprehension: for 
a man is no sooner born into the world, than he 
makes most of the experiments necessary for obtain- 
ing this knowledge; and he may challenge the most 
subtile philosopher, to name the substance or fluid 
that can suply the place of either of them. 


— 
LECTURE XI. 


OF THE NATURE AND PROPERTIES OF ELASTIC 
| 4 FLUIDS. rh x 


Sive philosophy has soared into the regions of in- 
visible aerial substances, has explored their nature, 
and investigated their constituent principles, man 
hidden veins of science have been opened, — 
wealth has been acquired, and fair hopes of reward 
ps themselves to future labourers. You will 
see how art can, from mere chalk, unfetter a 
copious elastic fluid, the poison of. man, or his me- 
dicine, according to the mode of application; which, 
though invisible, yet dissolves earth and metals, and 
imparts spirit and virtue to the most valuable mi- 
neral waters. You will here learn more of that vital 
air, of which we have already discoursed so much. 
You have already seen how necessary it is to com- 
bustion; you 2 see how necessary it is to ani- 
mal life, and be made acquainted with the resources 
of nature for purifying our atmosphere, which is in- 
fected from various causes ; and learn how it is re- 
plenished with this salutary and vivifying fluid. The 
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subject 'of the present Lecture is indeed intimately 
combined with the preceding. All aerial fluids owe 
their elastic property, and aeriform state, to fire; s0 
that you are here only entering into another province 
of the 3 this element. 


: 


Van Helmont was acquainted with the inflammable © 


qualities of some vapours, and knew that others ex- 
tinguished flame, and suffocated animals, but had 
no idea that those substances were capable of being 
separately exhibited in the form of a permanently 
elastic vapour not condensible by cold. 


Mr. Boyle, observing how much air was con- 


cerned in most of the phenomena of nature, and 
how necessary it was ta the existence of animals, 
became solicitous to know whether a fluid of so great 
importance was not producible by art; also believing, 
that such air might be made serviceable to the art of 
diving, and in submarine navigation.“ With these 
views, that admirable naturalist set about making 
some new experiments; and from a variety of bodies, 
by different processes, obtained a pneumatical fluid, 
answering his then only criterion of air, in being 
of a durable elastic nature. He soon discovered that 
these new productions were very different from 
common air, as they presently extinguished flame, 
and suffocated those animals that attempted to 
breathe in them. , ec 0 
These experiments were aſterwards resumed by 
the Rev. Dr. Hales, a man worthy of our best esteem, 
for his amiable as well as philosophic qualities. He 
confirmed and extended the discoveries of Mr. Boyle, 
shewing not only that air entered into the composi- 
tion of most bodies, but ascertained also the pro- 


* An attempt of Cornelius Debrell to make a vessel to row under 
water with men in it. 


From ripe fruit, fermenting and effervescing liquors, and from 
the putrefaction of animal and vegetable substances. 
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portion it bore to the rest of the compound. Dr. 


Hales examined likewise the mineral waters, and 
found them abound with air; to that circumstance 
he ascribed their spirit and briskness, but he did not 


apprehend that the air he produced was not common 


air, and of the same kind with that Mr. Boyle had 
extracted from fermenting and effervescing liquors. 
It must be owned, it was hard to conceive how these 
springs should owe their prime virtues to what in an- 
other manner of application is so destructive of vi- 
tality. His experiments are so numerous and so va- 
rious, that they are partly esteemed the solid foun- 
dation of all our knowledge of the subject. 

Dr. Browning seems to have been the first person 
who began clearly to unfold this mystery, and shew 
that the waters of Pyrmont, Spa, &c. owed their 
pungency, and that volatile principle on which their 
virtues chiefly depend, to an elastic aerial fluid. 

The greatest improvement in this part of pneuma- 
tics, seems to have originated with Dr. Black, pro- 
fessor of chemistry in Edinburg, and Mr. Cavendish, 
F. R. S. The influence of Dr. Black's discoveries 
has been very extensive; for, from his school they 
were disseminated throughout Europe, by men zea- 
lous of promoting the principles of their great master. 
Dr. Black first shewed the cause of the causticity of 
alkalies and quicklime, the effect of adding fixed 
air to these bodies, and of depriving them thereof; 
he shewed, that it was the presence of fixed air in 
these substances that rendered them mild; that when 
deprived of it, they are in that state which has been 
called caustic, from their corroding and burning ani- 
mal and vegetable substances: and by these and 
other discoveries, explained in a clear and simple 
manner many appearances in chemistry, till then 
deemed the most unaccountable. 

Mr. Cavendish added to the method of Boyle and 
Hales for obtaining permanently elastic fluids, the 
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mode of transfusing them from one vessel to another, 
and of subjecting them to examination. By his in- 
genious and statical mode of operating, he has given 
a practicability and accuracy to what is now called 
the pneumatic apparatus, which has since been ap- 
plied with extraordinary success, together with many 
other important discoveries. There is no one who 
has enriched this subject more than Dr. Priestley, 
or has analyzed the fugacious element of air with 
more success; very few pages on these subjects will 
be found that do not contain some discovery of his, 
or some improvement on the hints he has suggested; 
and science will ever be indebted to him for his va- 
luable discovery of pure vital air. | 4 
To point out the discoveries of Dr. Priestley in 
this branch of science would incroach too much upon 
our time; his labours far exceed those of his prede- 
cessors, both in extent and importance. I must 
not, however, forget to mention M. Lavoisier and 
S$cheele, who, ſor luminous order, accuracy of inves- 
tigation, and force of mind, are unequalled among 
the promoters of aerial science. „ 
Here another labourer in science presents himself 
to our view, Mayow,* who silently and unperceived 


in the obscurity of the last century, discovered, if 


not the whole sum and substance, yet certainly many 
of those splendid truths which adorn the writings of 
Priestley, Scheele, Lavoisier, Crawford, and other 
philosophers of this day. 

He threw away with scorn the vague ideas an- 
nexed by the old chemists to the terms sulphur, 
mercury, &c. He has clearly presented the notion 
of phlogiston, which rendered the name of Stahl 80 
celebrated. He perceived the action of vital air in 
almost all the wide extent of its influence. He was 


F Dr. Beddoes's Chemical Experiments and Opinions, extracted 
from a work published in the last century. 
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acquainted with the composition of the atmosphere, 
and contrived to make the mixture of nitrous and 
atmospherical air. He was well aware of the cause 
of the increase of weight in calces, and distinctly 
asserted that certain bases are rendered acid by the 
accession of nitro-atmospherical particles, or what 
has since been called an acidifying principle. He 
discovered the method of producing factitious air, 
observed its permanent elasticity, and what is still 
more strange, the nice art of transferring it from 
vessel to vessel. The doctrine of respiration is all 

his own. | 
„If Mayow has not clearly expressed his opinions; 
if he uses such ambiguous expressions as require the 
assistance of modern discoveries to interpret them; 
if his experiments do not afford decisive evidence; 
if he has not deduced the consequences of his prin- 
ciples; then let the credit of one who discovered far, 
and that by the light of his own genius, be withheld 
from him in as much as he has failed in any of these 
requisjtes. I can just conceive it possible, that a 
single important discovery may be made without 
much sagacity; an undiscerning eye may perhaps by 
chance be so placed, as to be aware of the manner 
in which nature performs some one of her hidden 
operations; but he, who shall surprize her often, 
must be allowed to have the discerning eye, and 
to know where the proper point of view 1s to be 
found. „ en in Bale 10 
 & Newton's discoveries concerning light, stand in 
the same predicament with Mayow's on air: both 
exhibit themselves as the greatest deviations, pre- 
sented by the whole history of science, from the 
ordinary and natural progress of knowledge; they 
would, undoubtedly, (we see that it has actually 
happened in the one case) have been some time 
made, but not till a century or two had improved the 


talent both of observation and reflexion; though our . 
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two illustrious countrymen, like the progenitor of 

mann when the archangel had purged his ax 
e with euphrasy and rue, 


were, by. a peculiar privilege admitted to the view of 
scenes 2 r. a distant posterity.” A) $0! 


4 


OF THE PNEUMATIC APPARATUS, AND. OF THE 
METHOD OF MAKING EXPERIMENTS ON VARI- 


7 _ovs, KINDS OF AIR, NOW CALLED FACTITIOUS 
AIRS. 


The apparatus before you, plate 6, is wuſficient for 
most of the experiments you will have occasion to 
make on the different kinds of air. It consists of 
the following articles: a wooden tub or cistern, 5g. , 
of any convenient dimensions; about 24 inches, or 
two feet long, 16 wide, and 15 deep, have been found 
to be sufficient, with a shelf at one end, AB, not 
less than one inch below the top. In this are made 
several holes, over which the jars and other vessels 
are to be placed, that are to have the different airs 
conveyed into them. The water in the tub is al- 
ways to be about half an inch or more above the 
shelf. C is a metallic cock to discharge the water by 


out of the cistern when necessary. A round wooden 


Pillar with wire rings and screws, D, to support nar- 
row tubes or jars, is proper to be fitted to the edge 
of the cistern. Glass jars, measures, &c. filled with 
water are to be placed with their mouths eds 
upon this shelf. 


I take one of these jars, plunge it nadke the e, | 


and then fill it therewith, and afterwards raise it with 
the mouth downwards, and place it on the shelf: it 
eontinues, as you see, full of water, and will do so as 
long as the mouth is immersed therein; for in this 
case the water is sustained in the jar by the pressure 


of the atmosphere, in the same manner as the mer- 
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cury in the barometer, From the Lectures on air, 
it must be evident to you, that if common air, or any 
fluid resembling common air in lightness and elas- 
ticity, be suffered to enter these vessels, it will rise 
to the upper part, and will depress and force out part 
of the water. Sce E, g. 1. POT 0 

This glass cup is full of air; I plunge it into the 
water with the mouth downwards, and you observe 
that scarcely any water enters the cup, because its 
entrance is opposed by the elasticity of the air; but, 
if I turn the cup up, it immediately fills, and the air 
rises in several bubbles to the surface. I will now 
repeat the operation under one of these jars filled 
with water; the air ascends as before, but instead of 
joining the common mass, is detained in the upper 
part of the jar. In this manner you may convey air 
from one vessel into another by a kind of inverted 
pouring, by which the air is made to ascend from 
the lower to the upper vessel. When the hole in 
the receiver is small, I place this funnel inverted in 
one of the holes of the shelf, then put the neck of 
the receiver over that hole, and the air passing 
through the funnel enters the receiver as beſore. 

Here is a glass bottle, 5g. 2, the bottom of which 


is blown very thin that it may support the heat of a 


candle suddenly applied, without cracking. In the 
neck is fitted a ground stopple, which forms the 
lower. part of the bent tube. By means of the flex- 
ure of the tube, I can easily introduce the further 
end under one of the receivers, and by that means 
convey there any air that may be disengaged from 
the materials that I may put in the bottle, a, plate 6, 
fg. 1: of these I have several sizes for different pur- 
poses. Here is a small retort, þ, for the same pur- 
pose; the neck of which, or a tube connected with 
it, being plunged under one of the jars, the air ex- 
tricated from the materials therein will be received 
in the jar. | 
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Many elastic fluids combine with water, and 
therefore require an apparatus in which quicksilver 
is made use of; a small marble or stout mahogany 
trough is the most convenient for this pu It is 
about ten inches long, five wide, and three in depth. 
You operate with mercury in this apparatus exactly 
as with water in the former; but the receivers used 


with it are smaller and stronger than those used with 


the water apparatus. Plate 6, fig. 3 and 4. 

Dr. Priestley says, that the most accurate manner 
of procuring air from many substances by heat, is 
to put them, if they will bear it, in such phials as 


are represented at à à 4, plate 6, full of quicksilver, 


with their mouths immerged in the same fluid, and 
then direct the focus of a burning lens or mirror 
upon them; for this purpose the bottoms should be 
thin, so as not to be liable to crack by a sudden 
application of heat. | 
When any thing, as a small cup, &c. is to be sup- 
ported at a considerable height within a jar, it is 
convenient to have a bent wire, which takes up 
but little room, and is easily fitted to any figure or 

—__ See fig. 12. N 
o expel air from solid substances by means of 


heat, a gun barrel, with the touch-hole screwed up 


and rivetted, is often used. The subject is put into 
the chamber of the barrel, and the rest of the bore 


is filled with dry sand, that has been well burned to 


expel any air it might contain. The stem of a to- 
bacco- pipe, or a small glass tube, is luted to the ori- 
fice of the barrel; the other end is put into the fire, 
that the air may be extricated from what it contains. 
To try whether air be fit for combustion, you ma 
put the air into a long narrow vessel, whose mout 
eing carefully covered may be turned upwards; a 
piece of wax candle being then fastened to the end 
of a wire, and so bent that the flame of the candle 
may be uppermost, is to be let down into the vessel, 
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which must be kept covered till the instant the 
lighted candle is plunged therein. See Sg. 13. 8 

When the change in dimensions, which follows 
from the mixture of several kinds of air, is to be as- 


_ certained, a graduated. narrow cylindrical vessel or 


tube, g, may be made use of. The graduations may 
be made by pouring in successive equal measures of 
water into this vessel, and marking its surface gt 
each addition. This measure may be afterwards 
used for different kinds of air, and the change of 
dimension will be shewn by the rise or fall of the 


_ water or mercury in the graduated vessel. 


As the purity of common air is determined by the 
diminution produced by the addition of nitrous air, 
these tubes have been called eudiometers. fff re- 
present the glass measures, baving a known propor- 
tion to each other; they may be about the size of 
half ounce, one ounce, two ounce, &c. phials. 
222 2 2, graduated glass tubes for eudiometrical ex- 
periments, of various lengths and apertures, from 
about ten to twenty inches in length, and from one 
quarter to about one inch and an half in diameter 
at their apertures. The most accurate eudio- 
meter tube and measure were contrived by Mr. 
Fontana: they consist of a glass tube about eighteen 
inches long, and half an inch aperture, truly cylin- 
drical, closed at one end, and marks or rings cut 


upon it at three inches distance. See Plate 7, fig. l. 


A brass spring cylindrical slider moves upon this 
tube, divided into 100 equal parts; so that any of 
the intervals of three inches upon the tube are by 
this slider subdivided into 100 parts. Into this 
tube, filled with water on the shelf of the cistern, 
the air to be examined is introduced. The measure 
is represented at fig. 2, which consists of a short 
glass tube about two inches long and one in diameter, 


closed at the end a, and to its mouth a brass socket, 


b, is cemented, containing a sliding shutter, which 
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when pushed home in one direction,-shuts the month 
of the measure, and when pulled out, as shewn in 
the figure, opens the aperture. | 

It is therefore clear, that precisely the same quan- 
tity of air can always be conveyed by this measure, 
which is not practicable by a common phial. The 
capacity of this measure is made to correspond ex- 
actly with one of the spaces of three inches in the 
tube, „ig. I; this measure is to be filled with the elastic 
fluid or air, by filling it first with water, and puttin 
it, mouth downwards, on the shelf of the tube, plate b, 
fg. 1, with the shutter drawn out; the air is to be 
conveyed into it in the same manner as into the jars 
and other vessels just mentioned, and then shut up; 
and when applied under water to the bottom of 
plate 7, fig. 1, the shutter is to be drawn out to 
discharge up its measure of air. 

Fig. b is a common glass phial with a ground 
stopple, having many holes in it. This is useful in 
conveying any fluid or air contained in it, through 
water into a jar standing with its mouth inverted in 
it, without admitting any mixture of common air. 

Fig. 2, a phial' sufficient for any purpose that 
does not require more heat than the flame of a can- 


dle. If it is to be put into a crucible placed on the 


fire, the tube in which the ground stopple termi- 
nates must be longer as at e. A long phial, useful in 
many cases is represented at d. as | 

Fig.'6, a * apparatus for making a quantity 
of air pass through a body of water, or any kind of 
fluid; the air enters by the tube which goes to the 
bottom of the vessel, and is delivered by that which 
is only inserted at top. Dr. Priestley observes that 
he has frequently had occasion to use a number of 
these vessels at the same time, that the same air may 
pass through them all in succession. See fg. 7. 
Fig. 8 is Mr Woulfe's apparatus for distilling nitre, 
consisting of a retort a, an adopter b, a receiver c, 
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with two orifices; one, d, for the discharge of the 
distilled acid, the other, e, as an outlet for the super- 
abundant vapour into a bason, g, for containin 
water. This apparatus is more particularly self 
when the products are such as combine with the 
fluids in g, and would otherwise escape. 

Fig. g, a tin vessel, inclosing another of iron wire; 
the outer vessel is for a charcoal fire, surroundin 
the inner- one, which being open at bottom will 
admit the upper part of a glass jar, which may be 
heated equally as much as the glass will bear, with- 
out giving more heat than 1s necessary to the lower. 

Fig. 10, a convenient wooden frame to support 
several glass tubes in a bason of water or quicksilver. 

Fig. 11, an apparatus for investigating the force 
of steam; to be described hereafter in the Lecture 
on water. 

Fig. 12 represents an apparatus for determining 
the absolute gravity of the different gasses. A is a 
large glass balloon, capable of holding seventeen or 
cighteen pints, or about half a cubical foot, having 
the brass cap, b c de, strongly cemented to its neck, 
and to which the tube and stop- cock, fg, is fixed 
by a tight screw. This apparatus is connected by a 
double screw to the jar B CD, which must be some 
pints larger in dimensions than the balloon. This jar 
is open at the top, and is furnished with the brass 
cap h i, and stop-cock Im screwed thereto. 

The exact capacity of the balloon is determined 
by filling it with water, and weighing it both full 
and empty. When emptied of water, dry it with 
a cloth introduced through its neck d e; the last re- 
mains of moisture are to be remoyed by exhausting 
it once or twice by an air-pump. 

When the weight of any gas is to be ascertained, 
this apparatus is to be used as follows: fix the bal- 
loon, A, to the plate of an air-pump by means of the 
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screw of the stop- cock fg, which is left open; the 
balloon is to be exhausted as completely as possible, 
observing carefully the degree of exhaustion by 
means of the barometer gage attached to the pump. 
When the vacuum is formed, the stop-cock, f g, is 
turned, and the weight of the balloon determined 
with the most scrupulous exactitude. It is then fixed 
to the jar B CD, which we suppose placed in water 
on the shelf of the pneumatico- chemical apparatus; 
the jar is to be filled with the gas you mean to weigh, 
and then by opening the stop-cocks, fg and Im, 
the gas ascends into the balloon, whilst the water of 
the cistern rises at the same time into the jar. To 
avoid very troublesome corrections, it is necessary, 
during this first part of the operation, to sink the 
jar in the cistern till the surfaces of the water within 
the jar and without exactly correspond. The stop- 
cocks are again shut, and the balloon being un- 
screwed from its connection with the jar, is to be 
carefully weighed; the difference between this 
weight and that of the exhausted balloon, is the 
precise weight of the air or gas contained in the 
balloon. Multiply this weight by 1728, the number 
of cubical inches in a cubical foot, and divide the 


product by the number of cubical inches contained 


in the balloon; the quotient 1s the weight of a cubi- 
cal foot of the gas or air submitted to experiment. 
An exact account must be kept of the barome- 
trical height and temperature of the thermometer 
during the experiment; a cubical foot is easily cor- 
rected to the standard. The small portion of air 
remaining in the balloon, after forming the vacuum, 
must likewise be attended to, which is easily deter- 
mined by the barometer attached to the air-pump. 
If that barometer, for instance, remains at the hun- 


dredth part of the height it stood at before the va- 


cuum was formed, we conclude that one-hundredth 
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art of the air originally contained remained in the 
ballern, and consequently that only & of gas was 
introduced from the jar into the balloon. 

The air-pump is used for extracting the air from 
powders, and such substances as cannot be conve- 
niently put into a phial, or passed through a fluid. 

To pass the electric spark through different kinds 
of air, a metallic wire is fastened to the upper end 
of a tube, and the sparks or shocks are passed through 
this wire to the mercury or water used to confine 
the air; or two wires may be cemented in opposite 
holes in the side of an hermetically sealed tube. 

For the description of a greater variety of appara- 
tus, see Cavallo on Air, 4to. 1781; Nicholson's First 
Principles of Chemistry, 8vo. 1796; Dr. Priestley's 
Experiments, &c. on different Kinds of Air, 3 vols. 
8vo. 1796; and Lavoisier's Chemistry, 8vo. 1793. 


OF ELASTIC FLUIDS. 


Elastic fluids are those which have acquired an 
aerial form, and which have the appearance of air; 
of these there are two kinds, those of gas or perma- 
nently elastic fluids, and those of vapour, which are 
not permanently elastic. 

Permanently elastic fluids, or gas, are those which 
have a great quantity of fire so closely and intimately 
combined with the particles of the substance, as to 
preserve their elasticity in every known temperature.“ 
Vapour, or not permanently elastic fluids, are those 
in which fire is not so closely combined, and which 
easily lose their elastic state by a change of tempe- 
rature or density. 5 


* Modern een "amp have proved them to be in respect to 
elasticity and invisibility analogous to common air, but otherwise 
essentially different from it. Ebrir. ; 
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The various states under which you see bodies, 
depend almost entirely upon the different quantity, 
nature, and degree of their combination with fire. 
Fluids differ only from solids, because they possess 
at the common temperature of the atmosphere the 


quantity of fire which is requisite to maintain them 


in that state. They congeal or become solid with 
greater or less facili 

greater or less quantity of fire: so that bodies seem 
to possess three disticts quantities of fire: | 

1. A certain quantity which always resists the 
gravitating matter of the body, but which may be 
Separated more or less: fire thus acting is called 
sensible heat. | 

2. The latent fire occasioning fluidity, by which 
the hardness or concreting powers of a body are 
overcome: this quantity is in some degree measura- 
ble, and might properly be called the latent fire of 
fluidity. IE 

3. A certain quantity of fire, by which, under 
certain conditions, fluids, &c. may be rendered elas- 
tic: this may be called the latent fire of elasticity. 

An elastic aeriform fluid, or gas, 1s then a pecu- 
liar combination of fire with a given substance. To 
reduce a substance to the gaseous or aeriform state, 
consists in dissolving it in fire, and thereby uniting 
it with an unknown substance, from which union it 
acquires its peculiar qualities. Wheneyer gas is 

formed, there is an absorption of fire; and, recipro- 
cally, whenever gas passes into the solid or fluid 
state, the portion of fire necessary to constitute the 
state of gas appears again and is set at liberty. 

Fire exists in every solid body; but the same body 
contains more fire in the liquid than in the solid 
state, and still more when it passes into an aeriform 
state. It is, therefore, necessary to distinguish in 


every species of gas, the fire which acts as a solvent, 


ty, according as they require a 
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and the substance which is united to it, and serves 
as a base. EY 

It is evident that fire easily combines with some 
substances. I have already shewn you, that there 
are several that at the temperature of the atmosphere 
are constantly in the state of vapour. There are 
others which require higher degrees, in order to 
acquire this state. | | 

in the first state, or that of vapour, they soon lose 


the fire which raised them, and return to their ori- 


ginal form the moment the fire finds colder bodies 
to combine with, In the second, or that of gas, the 
fire is so combined with the volatilized substance, 
that the ordinary temperature of the atmosphere is 
not sufficient to overcome the union. 

Permanently elastic fluids are all compressible, 
transparent, colourless, invisible, and not condensa- 
ble by cold. Some exist in nature without the aid 
of art; they may also be obtained by artificial means. 
Others are only procured by artificial means: some 
combine easy with water, others do not; so that 
different methods must be used to procure them, 
according to the nature of the fluid you wish to 
obtain. 

It will be necessary, before I proceed, to point out 
a few among the errors contained in M. Lavoisier's 
Elements of Chemistry; errors which are highly 

rejudicial to true philosophy, and which shew, that 
CES excellent he has been as a chemist, he must 
not be taken as a guide in philosophy, as you will 
easily perceive, by considering his Introduction to 
the Elements of Chomiotry; Be you will there find 
him affirming, that water raised to the tempera- 
ture of 2127 is changed into vapour, gas, or an aeri- 
form fluid.” By using these words as synonymous, 
he introduces the utmost confusion into philosophy. 

The vapour or steam of boiling water is undoubt- 


edly an expansible fluid, but it belongs to that genus 
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of these fluids which is destroyed by pressure and by 
cold. Now, gas or aeriform fluids resist both the 
one and the other of these causes, and are therefore 
often named permanently elastic fluids. This dis- 
.tinction, which is incontestable, cannot be neglected 
without producing great errors, | 
From hence you may deduce another error of 
M. Lavoisier's, namely, where he asserts, © that all 
bodies are either solid or liquid, or in the state of an 
elastic aeriform vapour, according to the relation 
which exists between the attractive force of their 
molecules, and the repulsive force of heat;” for, on 
the contrary, there are no known bodies to which 
this statement applies. Again, he affirms, * that if 
only these two forces existed, bodies would become 
liquid at an indivisible degree of the thermometer, 
and would pass instantaneously from solidity to 
aeriform fluidity; thus water, for instance, the ve 
moment that it ceases to be ice would begin to boil, 
and would be transformed into an aeriform fluid.” — 
“ That this does not happen, depends upon the 
action of a third force, the pressure of the atmos- 
phere.” 8 

M. Lavoisier falls into two errors here; first, by 
considering the steam of boiling water as an aeriform 
fluid; secondly, by supposing that there is no other 
union of fire and water in an expansive form, but 
when the fluid product is sufficiently dense to coun- 
terballance by itself the pressure of the atmosphere. 
Whereas it is evident, from all phenomena and ex- 
periments, that aqueous vapour is formed in apen air 
at every temperature, and mixes with the air without 
being destroyed by its pressure. The same also takes 
place with other fluids of the same kind. 

To prove this theory of the production of aeriſorm 
fluids by the s1mple union of fire to a liquid, when 
not counteracted by the pressure of the atmosphere, 
Mr. Lavoisier cites those expansible fluids, which 
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are formed in vacuo at the ordinary temperature of 
the atmosphere, as by ether, alcohol, water, and 
mercury; and he gives to all these mere products of 
evaporation the name of aeriform fluids, though nei- 
ther of them will resist cold or a strong pressure. 
But besides, these same liquids evaporate under the 
pressure of the atmosphere, as well as in vacuo, there 

eing no difference in the two cases, but in the time 
employed to evaporate the same mass. In vacuo 
nothing opposes the actions of fire, first in detaching 


and then in separating to a certain distance the par- 


ticles from the surface of the fluid: the air resists 
both these effects, and thus retards the operation; 
but the difference influences only as to time, for the 
laws of evaporation are the same in vacuo as in open 
air. 

Each particular kind of vapour has a mechanism 
peculiar to itself, resulting from the velocity that fire 
preserves amongst its particles, and the mass of the 
substance with which it is connected. Thus with 
particles of the same mass, the greater the velocity 
of fire in any kind of vapour, the greater will be the 
expansive force of the vapour. There is another 
law of evaporating liquids to be attended to, namely, 
that different kinds will be more or less dense at 
the same temperature, and thus there may be dif- 
ferent maximums for each, or distances at which 
their particles will unite: for the limits of density 
in vapour arise from the tendency of the particles 
to unite when they are at a certain distance. These 
laws are exercised in open air, as in vacuo, and vice 
Versa. 

M. Lavoisier has been led into these errors by 
attending principally to the regular diminution of 
the degree of heat at which liquids boil, in propor- 
tion as there is less incumbent pressure on their 
surface. Now ebullition is only an accidental phe- 
nomenon, which enters for nothing in the funda- 
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mental theory of vapours. For if we could expel all 
the air that is contained in liquids, they would 
never boil, neither in vacuo nor in air, and would 
then only evaporate at their naked surface. The 
evaporation would indeed be slower, but still under 
the same laws, and would acquire at the same tem- 
5 an equal density with the vapours arising 
N ebullition from liquids not purged of air. For 

e degree of heat at which a 7 boils, is that 
where its vapours are capable of supporting alone 
the incumbent pressure, and which are formed in 
the bosom of the fluid as soon as there is any solu- 
tion of continuity. 

All liquids evaporate in open air, and their pro- 


ducts (vapours) are subject to the same laws as if no 


air existed; but no known liquid can alone form an 
atmosphere as dense as ours, at least so long as the 
vapours do not change their state, for as soon as they 
get above a certain degree of density, they are de- 
stroyed by the pressure of the superior strata. 
Whereas an aeriform fluid may com an atmos- 
phere without limits, for we know of no degrees of 
pressure that will destroy these fluids. _ 
Hence you see how M. Lavoisier errs, when he 
affirms, That the views he has taken of the forma- 
tion of aeriform elastic fluids, or gas, throws great 
6811 on the original formation of the atmospheres 
of the planets, particularly that of our earth; for 
we readily conceive that this must consist of all the 
substances capable of being evaporated, or rather of 
remaining in an aeriform state at the temperature 
of our atmosphere, -and under a pressure equal to 
that of a column of quicksilver in the barometer 
twenty-eight inches high.” Now real acriform 
fluids subsist at every degree of known pressure, and 
at every temperature; but of vapours there are none 
known which can alone support the total pressure 
of. the atmosphere at its usual temperature with us. 
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Thus you see how one small error leads to others, 
and how readily a false principle is adopted to regu- 
late the system of nature by those who love to indulge 
in speculation. 
Expansible fluids are become, and with reason, 
one of the most interesting objects for a natural phi- 
losopher, as their composition and decomposition is 
connected with the greater part of those N 
that are daily presented for observation. This 
of physical knowledge was very little known before 
our time; by the discovery thereof, science has been 
essentially promoted. We should, however, be 
careful not to be seduced by novelty, nor suffer a 
pleasing prospect to make us * the 8 al- 
ready cultivated. 
M. Lavoisier atll proceeds to heap error on error. 
« To fix,” says he, © our ideas on this subject, con- 
sider what would have happened to the various sub- 
stances of our globe, if its temperature. were sud- 
' denly altered; if the earth were suddenly transported 
— a very cold region, the air, or at least some of 
the aeriform fluids which compose it, would cease to 
exist in the state of elastic vapours; for want of a 
sufficient degree of heat they would return to their 
liquid state, and new liquids would be formed, of 
which we have at present no idea.” In this extract 
ou find ths same confusion of terms as runs through 
the whole of this part of his treatise; hence also a 
confusion of physical notions: for we know of no 
aeriform fluid that is destroyed by cold, nor is there 
any reason to suppose that there are any fluids of this 
kind, that by being deprived only of fire are con- 
verted into liquids. With respect to vapours, pro- 
perly so called, we know of none, although there are 
many kinds in our atmosphere, but of the aqueous, 
of which the decomposition produces a liquid. | 
The same confusion affects other parts of his 
work; we find him inferring from the two opposite 
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suppositions of extreme heat and extreme cold, 
« that solidity, hquidity, and elasticity, are only 
three different states of the same matter, three par- 
"ticular modifications through which almost all sub- 
stances may successively pass, and which solely de- 
d on the degree of heat.“ These assertions 
involve all our physical knowledge in obscurity. 
Now I know of no substance but ice and metals, 
which pass from a solid state to that of a liquid by the 
addition of fire alone. 3 
For those, which even in appearance are fusible 
alone, are not so in the same manner after being 
cooled, as they were before fusion; which proves, 
in general, that the fusion of these substances does 
not proceed from the operation alone of fire, but 
from certain chemical combinations put in action 
by fire. : 

Nor is there any known substance which passes 
from a liquid to an aeriform state by the addition of 
fire alone. Indeed this change is still mysterious, and 
several links are still wanting in the chain, in order 
to unite it to our present knowledge. | 

Fire 1s without doubt the cause of the expansion 
of every physical substance; but there is none that 
we are acquainted with, which by the change of fire 
alone pass from an aeriform state into such a one as 
it was known to us when in a concrete form, water 


excepted. Every air that we produce, whether by 


the application of heat to a certain substance, or 
by mixture, all leave a residuum, and always differ 
from the substances originally employed. The ge- 
neral means of learning what part of these sub- 
stances passes into the aerial state, is by a compara- 
tive analysis of the substance itself, and the sensible 
product therefrom, air and the residuum; but who- 
ever considers scrupulously these analyses, must ac- 
knowledge that they are too imperſect to serve for 
the foundation of an hypothesis. 
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Among the various hypotheses, the following is 
that which includes the greatest variety of cases, and 
is of course the most extensive in its application; 
namely, that whatever substance is employed to 


produce air, water enters as a constituent part of 


that air; that water forms the ponderable or gravi- 
tating part of every aeriform fluid; that though fire 
be the immediate cause of their aeriform expansibi- 
lity, yet it does not in this case act as the fire of di- 
latation. But further, there is also some substance 
without weight which contributes to their union, 
and which forms the distinguishing characteristic of 
every species of air. 

From hence it follows, that to decompose any air, 
it must be deprived of that specific substance which 
is the medium between the water and the fire. The 
nature of the air may be changed, without losing its 


aeriform existence, if this intermediate substance be 


chan ged or altered. 

Fire, when communicated to water, flows an ex- 
pansible fluid, but not one that is permanently elas- 
tic. It is vapour or steam that may be decomposed 
by compression or cold: but with the addition only 
of light to these two substances, an aeriform fluid 
is formed, as has been shewn by Dr. Priestley. 
M. De Luc also, in the course of his curious experi- 
ments on hygrometry, observed, that the heat of 
the room never produced any air from a vessel full 
of water therein, but that as soon as it received the 
incident rays of the sun, bubbles of air were formed, 
and continued to be formed, as long as the light fell 


upon it. There is in water always a sufficient quan- 


tity of fire for the production of vapour, but this is 
not sufficient for the purpose of the above- mentioned 
phenomenon; for vapour cannot be produced in 
the midst of water in the ordinary temperature of 
the air, the production thereof is prevented by the 
pressure of the atmosphere; but if light inter- 
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- venes in sufficient quantity it combines with the fire 
and the water, and instead of yapour 1 an 
aeriform fluid. 
From what hath been already said, as well as 
from what will appear on a further review of the 
subject, I think we may venture to assert, that the 
ſollowing propositions of M. De Luc give the clearest 
account of aeriform fluids, are more agreeable to ob- 
servation, less liable to objection than any other view 
of the subject, and are more conformable to the best 
rules of physical reasoning. 
1. That there is no instance of any substance 
ing into a permanent aeriform state merely by 
the addition of fire. 2. That air or gas differs from 
aqueous vapour, by the addition of some impon- 
derable substance. 3. That water constitutes the 
ponderable part of all aeriform fluids: this hypothesis 
is supported by a number of facts, contradicted 
by none, and throws great light on meteorology. 
4. That it is the water of the airs or gasses which 
augments the weight of those substances to which 


they unite, and diminishes that of those from which 


they are disengaged. 5. That the substances pecu- 
- Jar to a certain species of aeriform fluids are the 
cause of acidity. 6. That phlogiston, a substance 
as imponderable as fire, is a substance that distin- 
guishes every species of inflammable air; at a certain 
degree of heat it unites with vital air, and this union 
is the immediate cause of inflammation. 7. That 
besides phlogiston there exists in light inflammable 
air another substance that distinguishes it from the 
whole class of heavier inflammable airs; a substance 
80 associated with phlogiston, as to prevent its de- 
vital air, but changes it into aqueous 
vapour. 8. Aqueous vapour is a fluid consisting 
simply of water and fire; it is not permanently 
acriform, because it may be reduced to its original 
form by pressure or cold. 9. That aqueous vapour 
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is easily decomposed, because its union with fire is 
weak; if they were so strongly united as not to be 
separated, unless by some chemical affinity, the aque- 
ous vapour would be changed into an aenform fluid.” 


OP VITAL, DEPHLOGISTICATED, OR 
OXYGENE AIR. - | 


This air was discovered by Dr. Priestley, though 
certainly known to Dr. Mayow, in the last century; 
it is a production of a most interesting nature 
to philosophy: it was first named dephlogisticated 
air. The French chemists consider it as consisting 
of a base called oxygene, combined with a great 
quantity of fire. N Farah Ha 

The supposed base has been called by the French 
oxygene, because they consider it as the true aci- 
difying principle, without which there would be no 
acid. | | 
Respiration produces the same effect on air as 
combustion. When an animal is included in a li- 
mited quantity of atmospherical air, it dies as soon as 
the air is vitiated. Vital air, in similar circumstances, 
maintains the life of animals much longer than com- 
mon air. Vegetables do not thrive in vital air. 

No part of the atmosphere exhibits this air in its 
greatest degree of purity; you will always find it 
combined, mixed, or altered by other substances. 
As it is combined with various substances, by de- 
composition it may be easily extracted and procured. 

Heat extricates it from a variety of substances, 


particularly from nitre, from allum, lapis calami- 


naris, and from the native calx of manganese, and 
from those metallic calces which may be revivified 
without inflammable matter, as the calces of mer- 
cury precipitate 1 ge, and the red precipitate, or 
mercury calcined by the nitrous acid; these furnish 
it in great quantities, as you may readily assure your- 
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' gelyes by the following experiment. I first put an 


ounce of red precipitate into this bottle, which is 
furnished with a ground stopple and bent tube, and 
then place it on a chafing dish; as soon as the at- 
mospheric air is all expelled by the heat, I transport 
the chafing dish and bottle to my pneumatic tub, 
and put the bent tube under one of the receivers that 
are filled with water; in proportion as the mercury 
is revivified, you perceive that air passes through the 
tube, drives the water out of the receiver, and oc- 
cupies its space; it is, as you may observe, transpa- 
rent, colourless, and invisible; and you will also find, 
that it is elastic and compressible; in a word, you 
will find it to be pure, respirable, or vital air. 

It may be obtained from minium, which is a calx 
of lead, when it is moistened with the nitrous acid: 
in this ease 1t is the nitrous acid which furnishes 
greatest part of the vital air. All acids are con- 


nected with vital air; there are some which part with 


it easily. About 1200 cubic inches of vital air may 
be obtained from a pound of nitrous acid: nitre, 
with alkaline or earthy bases, acetated mercury, and 
arsenicated zinc, afford this fluid in various quan- 
tities, by the action of light or heat. This fluid does 
not exist entire in any of these bodies; it is only as 
they contain nothing more than its ponderable base, 
which 1s disengaged and rendered an elastic fluid by 
the heat; for the metals can only be calcined by com- 
bining with the ponderable part of the air, which 


becomes solid in them, and adds to their weight. 


This is again expelled by heat, and combining with 


the fire, passes off in the form of an elastic fluid. 


During the operation, the metal losing this ponder- 


able part which had reduced it to a calx, recovers 
its phlogiston and metallic brilliancy, but loses the 


weight it had gained by calcination. 


Mr. Chaptal says, that a bottle of dephlogistic ated 


muriatic acid exposed to the sun, suffers all the su- 
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perabundant vital air to escape, and passes into the 
state of the common muriatic acid. If the same 
acid be exposed to the sun, in a bottle wrapped in 
black paper, it does not suffer any change; and even 


when heated in a dark place, is reducible into gas, 


without being decomposed. | 

The solar rays, when acting with any considerable 
energy, will also disengage vital air from the calces 
of mercury, silver, and gold. 

The marine salt of silver placed under water and 
exposed to the sun, gives out its vital air; red pre- 
cipitate, in similar cases affords vital air, and does 
not require a long time before it becomes black. 
Lou may also obtain vital air by means of the vi- 
triolic acid. M. Chaptat used tor this purpose the 
following simple process. He put two ounces of 
manganese in a small apothecary's phial, pouring 


thereon as much vitriolic acid as formed it into a 


liquid paste; he fitted one end of a leg curved tube 
to the neck of the bottle, and let the other be in- 


serted under a receiver in the pneumatic tub, as in 


our former experiment, and then presented a heated 
coal to the lower part of the bottle. The manga- 
ncse he used was some he discovered at St. Jean de 
Gardonnenque, which affords vital air with great fa- 
cility, nothing more being necessary for their pur- 
pose than to incorporate it with vitriolic acid. The 
first bubble is as pure as the last.“ Vital air disco- 
lours vegetable and animal substances: it is this prin- 


*The cheapest and best article for the production of vital or 
oxygene air is found to be the English mineral, called manganese, 


which is abundant in many parts of our island; a picked sort from 


Exeter is most in repute. It should be free from extraneous or 
noxious minerals; but considerable quantities of calcareous matter 
is ftequently blended with it, which may be detected by pulveriza- 
tion, and the mixture of nitrous acid with it, this producing an 
effervescence in proportion to the quantity of calcareous matter. 
It is not to be expected entirely pure, but the less of this calcareous 
mixture the better. The only consequence is, the production of 
carbonic acid, gas, or fixed air, together with the oxygene air. 
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ciple which 1s the chief agent in bleaching of cloth, 
and the hardening of wax; when absorbed by fixed 
oils, it thickens them and reduces them into a state 
resembling wax. | 

We have already told you, that this pure and vital 

air is disengaged from some substances, merely by 
the influence of solar light. You will soon see, that 
the influence of light on the operations of nature is 
exceedingly extensive; and will be able, by a yery 
easy set of experiments, to convince yourselves of 
the nature of the process. 
Vital air continually emanates from vegetables ex- 
posed to the light of the sun: the leaves seem to 
elaborate this air by the means of light; the solar 
fluid is absorbed, and becomes the cause of colour, 
flavour, &c. in the vegetable. In a word, it 1s fixed 
there as phlogiston. The same operation enables 
the leaves of plants to emit the vital air. The emis- 
sion of vital air is proportioned to the vigour of the 
plant, and the vivacity of the light. | 

Dr. Priestley has shewn, that plants have a power 
of correcting bad air; and Dr. Ingenhouz, that they 
have the faculty of elaborating the air they contain, 
and pouring down continually into the atmosphere 
Showers of vital air, to render it more fit for animal 
life; and that this is entirely owing to the influence. 
of the solar light on the plant. And I invite you to 


When used for medicinal: purposes, or respiration, the former 
should be separated from the latter, by washing it in lime water. 
One ounce of good manganese, free from large calcareous par- 
ticles, put into an iron retort or vessel (for earthen ware and glass 
are liable to break), will, with a red heat, give about two pints 
and an half wine measure, or about eighty cubic inches of elastic 
fluid, about one-tenth of which is carbonic acid, and the rest oxy- 
ene gas; and if the operation has been carefully done, the oxygene 
Is sufficiently pure for medicinal use. With some vitriohic acid and 
a gentle heat, about an equal quantity of elastic fluid of the same 
quality may be extracted from manganese; but in this case some 


acid vapours come out with it, which must be carefully washed off 


to render the oxygene fit for respiration. Ep1T. 
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repeat his experiments when you are in the country 
in the summer season, as they are easily made, and 
will afford you a very rational amusement. 

The process for extracting this air from vege- 
tables is exceeding simple: it consists in immersing 
or inclosing them in water, in an inverted glass 
vessel filled therewith, and placed on the shelf of 
your pneumatic tub. The moment the plant is 
acted on by the sun, you will observe small bubbles 
of air formed on its leaves, which gamen grow 
larger, and detaching themselves from the fibres of 
the leaf, arise to the upper part of the vessel, and 
displace the water. 

All plants do not emit this air with the same fa- 
cility; there are some which emit it the moment the 
sun acts upon them, as the leaves of the jacobæa, 
of lavender, and some aromatic plants. Some aqua- 
tic plants seem also to excel in this operation; 
others emit it more slowly, but none later than 
eight or ten minutes, provided the sun's light be 
strong. The air is almost totally furnished by the 
inferior surface of the leaves of trees; herbaceous 
plants afford it from almost the whole of their sur- 
face. The leaves afford more air when attached to 
the plant, than when gathered; and the quantity is 
| ee. the fresher and sounder they are. Young 

eaves afford but a small quantity of vital air, those 
which are full grown afford more, and the more 
the greener they are; for it is not produced by leaves 
which are injured or yellow. The parenchyma of 
the leaf appears to be the part which emits the air. 
The epidermis, the bark, and the white petals, do 
not afford it; and, in general, vital air is only fur- 
nished by the green parts of plants. Thus also green 
fruits and grain afford this air; but it is not fur- 
nished by those which are ripe; and flowers in ge- 
neral render the air noxious. 3 
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M. Chaptal mentions having often collected this 

air, and that in abundance, from a kind of moss, 

which covers the bottom of a vessel filled with water, 

and so well defended, that the sun never shone di- 

rectly upon it. ; | 

Dr. Ingenloux observes, that the conferva, as well 


as the green matter which is formed on water, af- 


fords much vital air. M. Senebier has shewn, that 
an acid diluted in water increases the quantity of 
air which 1s disengaged, when the water is not too 
much acidulated, and in this case the acid is de- 
composed. | 

Water plants, it has been observed to you, are 
remarkably vigorous in this property of yielding vital 
air, and thus correct the inflammable air bred by 
the soil in low marshy grounds; so that these places 
produce one of the best remedies for their own 
natural evils: and thus do all things work together 
for good. 

Ihe plant of the nausturtium Indicum, in the space 
of two hours, gives out more pure air than equals 
the bulk of all its leaves: what a quantity then must 
be discharged from lofty trees in a day's time. Does 
not this point out an error in the modern practice of 
leaving dwelling-houses so naked to a considerable 
distance, and destitute of vegetation. 

The act of vegetation alone is not sufficient to 
produce this salutary effect upon the air: it is vege- 
tation in the sun- shine from whence this good is to be 
expected. 2 : 
The t sun does not act merely from its heat: the 
emission of this gas is occasioned by the light, and 
may therefore be obtained by a strong light, without 
the direct action of the solar rays; the excretion is 
stronger as the light is more vivid. It would seem, 
as if light favoured the work of digestion in the 


plant, and that the vital air, which is one of the 
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principles of almost all the nutritive juices, more 
especially of water, is emitted, when it finds no sub- 
stance to combine with in the vegetable, Hence it 


arises, that plants, whose vegetation is the most vi- 


gorous, afford the greatest quantity of air. 

Dr. Ingenhouz, since the publication of his Eng- 
lish work on vegetables exposed to the light of the 
sun, has been more or less constantly employed on 
the samè subject; and on occasion of some contro- 
versies, has published, both in French and German, 
many experiments, all tending to the same conclu- 
sion. His chief controversy was with M. Senebier, 
of Geneva, which, however, was terminated com- 
pletely in his favour; for his antagonist has candidl 
acknowledged, that he was totally misled by some 
inattention in conducting his processes. In the 
Acta Theodoro-Palatina is a very long series of ex- 
periments by Professor Succow, of Mannheim, which 
exactly coincide with those of Dr. [ngenhous. 

He concludes his account of them in the follow- 
ing manner. Those effects of the solar light on 
plants, which Dr. Ingenhouz first so admirably 
pointed out, are confirmed by the preceding expe- 
riments, in which trees and plants appeared most 


capable of yielding pure air in the light of the sun; 


whereas in the shade they afforded air more or less 
phlogisticated. That the air which is extricated 
when vegetables are exposed in water to the sun- 
shine, proceeds from their leaves and other parts, 


scarce needs any proof. Water indeed does con- 


tain a Jane of air, which is disengaged by the 
influence of light; but the quantity is so sparing 
even in a large quantity of water, that it can by no 
means be set in competition with that which vege- 
tables yield in the course of a few hours. Did this 
air proceed from the water, it would in a very few 
cases prove so pure, unless the water contained some 
of the green conferva; * then it would be to this 
| K K 2. 
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moss that the origin of the air must be ascribed. 
The difference in the air itself, which vegetables 
yield when other circumstances are alike, puts it be- 
. yond all doubt, that the air proceeds not from the 
water, but the vegetables.” 

Dr. Ingenhouz, in his last work, has related some 
variations of his experiments. He found that water, 
impregnated with acids, alkalies, neutral salts, ex- 
pressed juices of vegetables, as of raisins, peaches, 
&c. very much promoted the production of pure air 
by vegetables, except in the case of the grasses, of 
which the product is variable from undiscovered 
causes, of the conferva rivularis, and water-plants 
in general, which are killed by fixed air, and some 
others, when this acid is employed. A few sub- 
stances, such as the juice of onions, cucumbers, and 
turneps, prevented, instead of forwarding, the ex- 
trication of air. 

Among the substances which favour the extrica- 
tion of pure air, we have every thing which can well 
be supposed to enter into the composition of manure, 
salts simple and compound, with the juices and ex- 
tractive matter of plants. If we may assume, that the 
production of this salutary fluid is a natural function 
and an healthy process, it follows directly, that the 


use of manure is to occasion a greater exertion of 


that function. 

That the production of vital air is among the 
chief functions of vegetables, is a supposition coun- 
tenanced by many experiments. Mr. Cavendish 
himself infers, that the vital air obtained by Dr. In- 
8 comes from the decomposition of water. 
There is one experiment related by the last-men- 
tioned author, highly remarkable, and not to be 
explained on any other supposition that has been hi- 
therto thrown out. I boiled,” says he, „some 
water for two hours, and then als , it boiling into 
a glass balloon of the capacity of 200 cubic inches. 
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The balloon was then carefully closed. Before the 
water was grown quite cold, ' introduced into the 
balloon four cubic inches of granulated green mat- 
ter, which was taken out of the great reservoir in 
the botanic garden at Vienna, and repeatedly washed 
in boiling water; care being taken to squeeze out 


after each washing all the moisture, in order that 


none except boiling water might remain adhering to 
it. I next closed the balloon with a perforated 


stopple, in order to allow the water an exit when it 


should be pressed by the air evolved from the green 
matter. The balloon was inverted into a vessel of 
uicksilver placed in the sun. The air generated at 
rst was ahsorbed by the water itself: but being soon 
saturated, it refused to take up any more; and in 
the course of a few days I found a considerable 
quantity of air collected.“ If then it be true, that 
water is decompounded by vegetables, it follows, that 
inflammable air or phlogiston is absorbed and fixed; 
an opinion countenanced by Priestley's experiments 
on charcoal, on sliced roots of onions, &c. for 
neither he, nor Senebier, nor [ngenhouz, nor I think 
any other, has ever found inflammable air in the 
elastic fluid afforded by the leaves and other proper 
parts of vegetables exposed to the 8un. The inflam- 
mable matter which surrounds certain vegetables is, 
I suppose, an essential oil in the state of vapour; and 
if any plant should yield inflammable air in the way 
I have mentioned, I doubt not but it would furnish, 
in other respects as well as this, a singular exception 
to the rest of the kingdom. . 
There is still another corollary more precise and 
satisfactory to be drawn from these premises. The 


quantity of vital air that is extricated, will afford a 


test of the quantity of food taken in the plant. 

It may, moreover, be supposed, that the additions, 
which Dr. Ingenhouz made use of, are not those 
which will produce the greatest effect. It is rea- 
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sonable to suppose, that Nature, in the immensity 


of her stores, has stimulants far exceeding these 


in power; which further inquiry will both discover 
teach how to apply. For if these principles 


be just, they will be easily applicable, when we 


are in possession of a greater number of facts, both 
to gardening and agriculture: and I doubt not but 
that in time a rational system of vegetable medi- 


cine may be constructed, if the subject be properly 


prosecuted. In the mean time, languishing trees 

may be washed or sprinkled with water acidulated 
with vitriolc acid, which Dr. Ingenhouz found to 

be most effectual in promoting the production of 
ure air. 

It will not be difficult for any person, who may 
choose to reflect on the subject, to contrive other 
experiments, by which these principles may be con- 
firmed or refuted. | 

This vital air from plants is a beneficent gift from 
God, to repair incessantly the consumption thereof 
in the economy of nature. 'The plant absorbs atmos- 
pherical mephitis, and emits vital air. Man on the 
contrary is kept alive by vital air, and emits much 
mephitis. The animal and vegetable kingdoms 
therefore labour for each other. By this admirable 
reciprocity of services, the atmosphere is continu- 
ally repaired, and an equilibrium maintained be- 


tween its constituent principles. 


From these discoveries, says Sir J. Pringle, we 
are assured, that no vegetable grows in vain; but 
that ſrom the oak of the forest to the grass of the 
field, every individual plant is serviceable to man- 
kind; if not always distinguished by some private 
virtue, yet making a part of the whole, which 


cleanses and purifies our atmosphere. In this the 
fragrant rose and deadly night-shade co-operate: 


nor is the herbage, nor the woods that flourish in 
the most remote and unpeopled regions, unprofitable 
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to us, nor we to them, considering how constantly 


the winds convey to them our vitiated air for our 
relief and their nourishment. And. if ever these 
salutary gales rise to storms and hurricanes, let us 
still trace and revere the ways of a beneficent Being, 
who, not fortuitously but with design, not in wrath 
but in mercy, thus shakes the waters of the earth to- 
gether, to bury in the deep those putrid and pesti- 
lential effluvia, which the vegetables upon the face of 


the earth had been insufficient to consume. 


The properties of vital air are more or less striking, 
according to its degree of purity. This depends in 

neral upon the substances from which it is pro- 
duced. That obtained from mercurial calces gene- 
rally holds a small quantity of mercury in solution. 
M. Chaptal mentions it having speedily salivated two 
persons, who used it for disorders in the lungs; and 
also that having filled bottles with the air, and then 
exposed them to an intense cold, the sides became 
obscured with a stratum of mercurial calx, in a state 
of extreme division: that having heated the bath, 
over which he caused this air to pass, he obtained at 
two different times yellow precipitate. The air ob- 
tained from plants is not equally pure with that af- 
forded by the metallic calces. | 

Vital air is heavier than atmospheric air. A cubie 
foot of atmospheric air weighs 720 grains; a cubig 
foot of vital air 765 grains. Mr. Kirwan makes its 
weight to that of common air, as 1103 to 1000; by 
others, more accurately, as 1 to 1.0427, and the 
weight of a cubic inch in troy grains 0.33. 

Several of the metals, when dissolved in spirit of 
nitre, afford by an effervescence, a kind of air called 
nitrous air, of which I shall speak hereafter. If this 


air be mixed with any other elastic fluid which con- 
tains vital air, it unites with this last, and forms red 


fumes, which fall down, and are found to consist of 
nitrous acid; the air is diminished in bulk by the 
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loss, and hence the nitrous air becomes a test of the 
goodness of respirable air. 2 

Vital air is the only fluid proper for combustion : 
for when bodies burn in common air, it is only the 
vital air contained therein which assists combustion. 
When the vital air is pure and disengaged from other 
fluids, there is great increase of heat and light dur- 
ing the combustion. These two phenomena are oc- 
casioned by the rapid separation of the fire, which is 
disengaged from the body and from the vital air. 
It appears from experiment, 1. That there is no 
combustion without vital air. 2. That in every 
combustion there is an absorption of vital air. 
3. That there is an augmentation of weight in the 
products of combustion, said to be equal to the 
weight of the vital air that is absorbed. 4. In all 
combustion, heat and light are disengaged. 

I plunge a lighted taper into one of these vessels 
filled with vital air; the flame you see becomes in- 
stantaneously more ardent, more lively, more lumi- 
nous, while the combustion is four times more rapid. 

Here is a bit of wood, one end of which has been 
charred, or set on fire without flame; I light it, and 
then plunge it into this bottle of vital air; the wood 
you sce inflames immediately, and burns away with 
astonishing rapidity, making a kind of firebrand. 
You may remember Dr. Ingenhouz's brilliant expe- 
riment, when we burnt the iron wire in vital air.“ 


* This very beautiful experiment may be exhibited in the most 
convenient manner, as follows: an open stout glass receiver, about 
five inches diameter and eight inches high, with a narrow open top 
of about one inch and an half diameter, see plate 7, fig. 3, must be 

rovided. It may be closed at the top with a cork, or, which is 

tter, a rough-ground flat piece of glass or metal; it is to be filled 
with water and put upon the shelf of the pneumatic tub, plate G, 
Ag. 1, then the oxygene or vital air conveyed up into it. A nar- 
row bason or dish with water must be brought to it, so that the 
receiver may be removed with the air therein, and placed on the 
tub. About one or two feet of iron wire about the , of an inch 
in diameter must be coiled tightly round upon a round stick ef 
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M. Lavoisier prepared an apparatus proper to as- 
certain the quantity of vital air introduced into it; 


and also what was consumed during the experiment; 
some phosphorus was placed in this apparatus; when 


the whole was properly disposed, he set fire to the 
phosphorus with a burning glass, the combustion 


was extremely rapid, accompanied with a bright 


flame and much heat. As the operation went on, 
large quantities of white flakes attached themselves 
to the inner surface of the globe, so that at last it 
was rendered quite opake. The quantity of these 
flakes became so abundant, that although fresh vital 
air was continually supplied, which ought to have 
supported the combustion, yet the phosphorus was 
soon extinguished. EIN 
The apparatus being completely cooled, he first 
ascertained the quantity of vital air employed, and 
weighed the balloon accurately before 1t was opened. 
He then washed, dried, and weighed the small 
quantity of phosphorus that remained in the cup; 
this residuum was of a yellow ochrey colour. B 
these several precautions he determined, Ist. The 


weight of the phosphorus. 2. The weight of the 


flakes produced by the combustion. 3. The weight 
of the vital air combined with the phosphorus. The 


result shewed, Ist. That the phosphorus, during its 


combustion, had absorbed rather more than one and 
an halt its weight from vital air. 2. That the weight 


wood, of about half an inch in diameter, which will form a length 
of rings; this taken off the stick, and extended to about the inside 
length of the jar, must be fixed to a cork, so that it may be readily 
introduced at the top of the jar, and kept by means of the cork 
firm therein. At the lower end of this twisted wire a piece of 
burnt cotton or wood is to be fixed; tnen firing agam the cot- 
ton, and while it is red-hot, it must quickly be introduced into 
the jar of oxygene air; an intense burning or deflagration of 
the wire will immediately take place, ascending in a spiral direc- 
tion with a beautiful sun-like body, giving in a darkened room 
8 luminous appearance, inconceivably striking and brilliant. 
| | Ebir. 
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of new substances produced exactly equalled the 
sum of the weights of the phosphorus consumed, and 
the vital air employed. 

You have been told, that phosphorus is changed 
by combustion into an extremely light, white, flakey 
matter; the properties are entirely altered by the 
transformation. From being insoluble in water, it 
is now not only solvible therein, but so greedy of 
moisture as to disengage the humidity from the air 
with astonishing rapidity, by which it is converted 
into a liquid more dense, and of greater specific gra- 
vity than water. The phosphorus before combustion 
had scarcely any sensible taste; by its union with 
vital air, it acquires an extremely sharp and sour 
taste; in a word, from the class of combustible bo- 
dies, it is changed into an incombustible substance, 
and becomes one of those bodies called acids. 
Many other combustible substances are also thus 
converted into acids by the addition of vital air. 
The French writers, therefore, term every combi- 
nation of vital air with a combustible substance, 
oxygenation. 

Sulphur is a combustible substance, or in other 
words, it is a body which possesses a power of de- 
composing vital air by separating ſrom it the fire 
with which it was combined. This is easily proved 
by experiments similar to the preceding, though the 
results cannot be obtained with the same accuracy; 
because the acid formed by the combustion is not 
easily condensed, because sulphur does not burn 
0 easily as the phosphorus, and is soluble by dif- 
ferent gasses. M. Lavoisier says, that notwithstand- 
ing this, he can affirm from his own experiments, 
that sulphur in burning absorbs vital air, or more 
accurately the water therein; that the resulting acid 
is considerably heavier than the sulphur burnt; that 
its weight is equal to the sum of the weights of the 

sulphur which has been burnt, and of the vital air 
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which bas been absorbed; and, lastly, that this acid 
is weighty, incombustible, and miscible with water 
in all proportions. | 

Charcoal decomposes also vital air, by absorbing 
the base from the fire; the acid resulting from this 
combustion is not condensible in the common tem- 
perature and pressure of our atmosphere, it remains 
in the state of gas, and requires a large portion of 
water to be combined with or be dissolved in. It 
has however the properties of all other acids, though 
in a weaker degree. This aeriform acid was called 
fixed or fixable air, by the chemist who first disco- 
vered some of its properties. 

M. Lavoisier affirms, that it is easy to prove, that 
all acids are formed by the combustion of certain sub- 
8tances; that the ponderable part of vital air is an 
element common to them all; and that from many 
acids vital air may be easily obtained. 

Vital air is separated from its fire by metals, when 
heated to a certain degree; in consequence of which 
all metallic bodies, excepting gold, silver, and pla- 
tina, have the property of decomposing vital air, and 
attracting the base“ from the fire with which it was 
combined. We have already shewn you, in what 
manner this decomposition takes place, by means 
of mercury and iron: the first is a very gradual 
combustion; the latter is very rapid, and attended 
with a very brilliant flame. The heat employed in 
these operations, is to separate their particles, and 
loosen their cohesion. 

The absolute weight of metallie substances is aug- 
mented in proportion to the quantity of vital air the 
absorb; they lose at the same time their metallic 
brilliancy, and are reduced into an earthy pulveri- 
zable matter. 


*The ponderable base is water. 
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The metals do not act so powerfully in vital air 
as to separate it entirely from its fire, which is sup- 
posed to be the reason that they are not converted 
into acids like sulphur, phosphorus, and charcoal, 
but an intermediate substance, which, though ap- 
proaching the nature of salts, has not acquired all 
the saline properties. The old chemists affix the 
name of calx to metals in this state; the French che- 
mists have substituted in its room the word oxyd. 

Vital air is said to ſorm almost a third part of the 
mass of our atmosphere, and is consequently one 
of the most plentiful substances in nature. All 
animals and vegetables live and grow in this im- 
mense magazine of vital air, and from it is procured 
the greater part of what is employed in experiments. 
So great is the affinity of this element and other 
substances, that it cannot be procured free from all 
combination. 

To oxygenate a substance, or make it combine 
with vital air, it is necessary that the parts of the 
substance should have more affinity with vital air 
than to each other. This may, in some degree, be 
brought about by art; for by heating them, or by 
introducing fire into their interstices, we diminish 
the cohesion of the particles. The degrec of heat 
at which the oxygenation takes place, is different in 
different bodies. Many bodies combine with vital 
air by being exposed to the air of the atmosphere, 
in a convenient degree of temperature. With re- 
spect to lead, mercury, and tin, this need be but 
little higher than the medium temperature of the 
earth; but iron and copper, when the operation is 
not assisted by moisture, require a much greater de- 
gree of heat. 

Oxygenation sometimes takes place with great ra- 
pidity, and is accompanied with great sensible heat, 
light, and flame; such is the combustion of phas- 
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horus in atmospheric air, and of iron in vital air, 
That of sulphur is less rapid, while that of lead, tin, 
and most of the metals, is affected ve slowly; and 
consequently the disengagement of fre, and more 
especially of light, is hardly sensible. 

The affinity of some substances with vital air is 
so strong, and they combine with it at such low de- 
grees of temperature, that we cannot procure them 
in their unoxygeneated state; such is the muriatic 
acid. There are other means of combining simple 
substances with vital air; for a knowledge of which 
I must, however, refer to the writings of Lavoisier, 
Morveau, &c. 

Vital air is peculiarly necessary for respiration; 
animals live a much longer time in it, than they 
would in the same quantity of atmospheri ic air. 

Count Morozz9 placed successively several full 
grown sparrows under a glass receiver inverted over 
water. It was filled with atmospherical air, and af- 
terwards with vital air. He found, 

Ist. That in atmospherical air Hours, Min. 


The first sparrow lived - - - 3 0 
The sccond = - - - - - .-.0 3. 
The third - - - - - - - - - 0 1 


The water rose in the vessels eight lines during. 


the life of the first; four, during the life of the se- 
cond; and the third produced no absorption. 


2. In vital air, Hours. Min. 
The first sparrow lived - - - 5 23 
The second 2 10 
The thirl - - - - - - - 1 30 
The fourth 11 49 
The fifth — — — =o —- + - 0 30 
"The axth = = = - = - - - - 0 47 
The sevent K 0 27 
The eighth - - - - - - - - 0 30 
The ninth - - - - - - - - - 0 22 


The tentb- = - = - 0 21 
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From these experiments we may conclude, 1. That 
an animal lives longer in vital than in atmospherical 
air. 2. That one animal can live in air, in which 
another has died. 3. That, independent of air, some 
respect must be had to the constitution of the ani- 
mal: the sixth lived forty-seven minutes, the fifth 
only thirty. 4. That there is either an absorption 
of air, or the production of a new kind of air which 
is absorbed by the water as it rises. | 

Vital air is, therefore, the fluid proper to support 
the life of animals. A great quantity of fire is ne- 
cessary to support life. Vital air combines readily 
with the mephitis in the blood and lungs; and thus 
a part of its fire is set at liberty, which goes to the 
support of life. The other part combines with the 
mephitis, and forms what 1s called azotic gas or 
phlogisticated air. It is the affinity between the 
mephitic and vital air, which constitutes the fitness 
of vital air for respiration; the bases of no other 
elastic fluid possess the same property. Vital air 
answers two purposes, which are both equally ne- 
cessary for our preservation: it takes from the blood 
its superabundant mephitis, which would be preju- 
dicial, and gives out fire to support the continual 
waste thereof, to which our frame is liable. 

It has long been known, that animals cannot live 
without the assistance of air. Though the pheno- 
mena of respiration have been very imperfectly 
known until lately, the ancients are those who had 
the more accurate ideas concerning it. They ad- 
mitted in the air a principle proper to nourish and 
support life, which they. denoted by the name of 


pabulum vitæ. 

They also knew that there was a striking relation 
between the flame of a candle and the principle of 
life in an animal body. Physicians have also argued 
for what some of them have termed a biolychnus (can- 
dle of life) in the blood. Bartholime says, that ani- 
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mal fire is kept up in the heart by a reciprocal ven- 
tilation from the lungs, as a common flame is ex- 
cited by the air from a pair of bellows; and that 
when this ventilation from the lungs ceases, life goes 
out as naturally as fire without air. The ancients 
were also of an opinion, that part of the air drawn 
in by the lungs actually passes into the arteries; and 
the arteries are supposed to take their name from the 
air or spirit which they contain, together with the 
arterial blood. 

The vapour emitted by expiration from the lungs 
is a mixture of phlogisticated air, fixed air, and vital 
air. If the vapour issuing from the lungs be made 
to pass through lime-water, it renders it turbid; if it 
be received through tincture of turnsole, it reddens 
it; and if an alkali be substituted to the turnsole, 
it becomes effervescent. 

When the foregoing process has absorbed all the 
fixed air, ths remainder consists of phlogisticated air 
and vital air. The presence of vital air is maniſested 
by means of nitrous air. The air in which Mr. Chap- 
tal had caused five sparrows to perish, afforded 1700 
parts of vital air. The expired air being thus de- 
prived of all its vital and fixed air, the remainder 
was phlogisticated air. Animals feeding upon herbs 
and grain are said to vitiate the air less than carnivo- 
rous animals. 

A portion of air is absorbed in respiration. Dr. 
Jurin says, that a man inspires 40 cubic inches of air 
by his usual exhalations; that in the greatest he 
could receive 220 inches; but that a portion was 
always absorbed. Dr. Hales considered the absorp- 
tion as taking up a 136th part of the respired air. 
Now as a man respires 20 times in a minute, and 
inhales 40 cubic inches of air at each inspiration, 
this makes 48,000 in an hour, which divided by 136, 
gives 353 inches of air absorbed and destroyed in an 

ur. From more accurate experiments, M. de la 
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Metherie concludes, that 360 tubic inches of vital 
air are absorbed in an hour. These facts shew how 
easily air, when it is not renewed, is vitiated by re- 
spiration, and why the air of theatres and close 
crowded places is 80 unwholesome. 


A variety of facts prove that the vermilion colour 


assumed by the blood in the lungs arises from the 


vital air which combines with it, and is the first 
effect of the contact, absorption, and combination of 
vital air with the blood. If blackish venous blood 
be exposed in a pure atmosphere, the surface be- 
comes a vermilion colour; a fact daily observed 
when blood is exposed in a porringer to the air. Air 
which has remained in contact with blood, extin- 
guishes candles and precipitates lime-water; air in- 
jected into a determinate portion of a vein, between 
two ligatures, renders the blood of a high colour: 
the blood which returns from the lungs is of a higher 
colour. Hence arises the great .intensity-of the co- 
lour of arterial blood compared with venous blood. 

Mr. Thouvenel is said to have shewn, that by 
withdrawing the air which is in contact with the 
blood, it may again be made to lose its colour. 
Blood exposed in a' vacuum remained black, but, it 
assumed a beautiful vermilion colour as soon as it 
was exposed to air. These, with various other facts, 
shew that the vermilion colour of blood arises from 
air. h 

The second effect of respiration is to establish a 
focus of heat in the lungs; a circumstance entirely 
opposed to the opinion of those who considered the 
lungs merely as a kind of bellows, designed only to 
cool the human body. 

The beat in cach class of individual animals is 
proportioned to the magnitude of their lungs. Ani- 


mals with cold blood have only « one auricle and 


ventricle. 
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All persons who have respired vital air, agree that 
it communicates a gentle vivifying heat to the lungs, 
which insensibly extends from the breast to all other 
parts of the body, Tri | 

The foregoing, and many other facts, unite in 
proving that a focus of heat really exists in the lungs, 
which is maintained and kept up by the air of respi- 
ration. In fact, there is an absorption of vital air in 
respiration. Respiration 1s an operation, by means 
of which vital air passes continually from an aerial 
to a concrete state, and consequently is continually 
quitting the fire by which it was supported in a state 
of gas. The heat produced at every inspiration 
seems, therefore, to depend on the volume of the 
lungs, their activity, the purity of the air, the rapi- 
dity, &c. of the inspirations. 

More heat is consequently produced in winter, 
because the air is more condensed, and furnishes 
more vital air under the same bulk, and conse- 
quently more heat to the inhabitants of colder cli- 
mates. Thus does a benevolent Providence conti- 
nually temperate and ballance the cold of these cli- 
mates, | 

M. Chaptal says, that the lungs of asthmatic per- 
sons are less capable of digesting this air, and that 
they emit air without vitiating it; from which cause 
their complexion is cold, and their lungs continually 
languishing: hence they find vital air pecuharly 
comfortable. | 

From what has been said, you must have perceived 
that the phenomena of respiration are similar to 
those of combustion. This has been established by 
Dr. Crawford, who has clearly shewn that animal 
heat is one of the principal advantages derived from 
respiration; that when. the blood returns from all 
parts of the body to the lungs, it has lost a quantity 
of its fire, and imbibed some noxious quality; that 
in the lungs it meets with atmozpheric air; that it 
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absorbs fire from the vital air contained therein, and 
imparts to the air which remains its impurity; that 
the blood having thus robbed the air contained in the 
lungs of a portion of its fire, and rendered that which 
remained sensibly warm, the air is expelled and fres 
air taken in to undergo the same process. 

The quantity of air changed by a man in a minute 
is found to be equal to that which is altered by a 
candle in the same space of time; and hence a man 
is continually deriving as much heat from the air, 
as is produced by the burning of a candle. 

Vital air has been used with success in disorders of 
the human frame. Messrs. Caillens and Chaptal speak 
of its having been respired in phthisical disorders 
with great success. M. Chaptal is far, however, from 
considering it as a specific, and is doubtful as to its 
application; yet as it inspires cheerfulness, and ren- 
ders the patient happy, he conceives it to be an ad- 
mirable remedy in desperate cases, as it will spread 
flowers as it were on the borders of the grave, and 
prepare us in the gentlest manner for the last dreadful 
effort of natural life.“ 


* T would not recommend an unskilful person, from a mere 
motive of curiosity, to breathe or inspire oxygene air; it has upon 
different constitutions been found to produce very different effects. 
Dr. Beddbes, and others of the faculty, of philosophical abilities, 
are giving the administration of factitious airs an extensive and 
proper trial. To any reader desirous of being acquainted with 
their medicinal properties, the manner of procuring and applying 
them, the best medical apparatus hitherto constructed, and au- 
thentic cases in which aerial fluids have been administered in dif- 
ferent disorders, I recommend the two following works :—Conside- 
rations on Factitious Airs, by Beddoes and Matt. 5 parts, 8vo. 1796; 
and an Essay on the Medicinal Properties of Factitious Airs, by 
Cavallo. 8vo. 1798. * 


Plate 7, fig. * represents a * receiver to hold about one 
I 


gallon, convenient for respiring different airs with; à is an ivory 
piece, to which the mouth is applied; and 5 a brass stop-cock, to 
exclude occasionally the action of the common air. 
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OF PHLOGISTICATED AIR, AZOTIC GAS, OR 
ATMOSPHERICAL MEPHITIS, 


This air is supposed to be from the mephitic part 
of the atmosphere, or that part which is not fit for 
respiration. Dr. Priestley supposed it to be air al- 
tered by the phlogiston disengaged from bodies in 
combustion, or other phlogistic processes. It is, 
however, now thought to exist ready formed in the 


atmosphere, and to be the residuum thereof when 


this is deprived of its vital air. M. Lavoisier calls it 
azotic gas, from its known property of killing such 
animals as are forced to breathe in it. The word is 


derived from the Greek primitive particle a, and Cn, 


life. 


This element is always in a state of gas in the 
ordinary pressure and temperature of the atmosphere, 


and no degree of cold or compression has hitherto 


3 capable of reducing it either to a solid or liquid 
orm. 

It is the residue of combustion, of the respiration 
of animals, and of putrefaction, because in all these 
cases vital air is absorbed. In respiration, a portion 
of the fire from vital air goes to the support of life, 
while the remainder, combining with a part of the 
blood, becomes fixed air, and is expired together 
with the phlogisticated air. HY 

This gas may be procured pure by several me- 
thods; that of Scheele is the one most generally used; 
it consists' in exposing liver. of sulphur in a liquid 
state to a given quantity of atmospheric air under a 
glass receiver; the sulphur absorbs by degrees the 
vital air, and when the absorption is complete, the 
phlogisticated air remains pure. M. Berthollet ob- 
tained it from muscular flesh, or from the fibrous 
part of the globules of blood, by well washing it 
with nitrous acid in the pheumatic apparatus; for 
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the base of this gas enters into the composition of 
flesh, and serves to animalize it. The animal sub- 
stances made use of must be fresh, for if they are 
altered by putrefaction, they furnish fixed air mixed 
with the phlogisticated gas. When by any other 
means, as the calcination of metals, the rancidity of 
oils, or combustion, the vital air of the atmosphere 
is absorbed, the residue is this gas. M. Fourcroy 
has discovered, that the bladders of carp are full of 
it, and that it may be easily collected by breaking 
them underneath vessels filled with water. It is 
lighter than atmospheric air. When the barometer 
stands at 30.46, and the thermometer at 60, the 
weight of the phlogisticated air is to that of common 
air as 985 to 1000; by others more accurately, when 
the barometer 1 is 29.85, and Fahrenheit's thermome- 
ter 557, as 0.948 to 1, and a cubic inch in weight 
0.3 of a troy grain. You may easily satisfy your- 
selves that it is lighter than common air: for this 
purpose put three or four lighted tapers, of different 
heights, under this receiver full of common air, in 
which the air cannot be renewed, and you will ob- 
serve that in proportion as the vital air is decomposed, 
they go out, the highest first; a sufficient proof that 
this gas forms the lightest part of the air. 
Phlogisticated air, when it is pure, has neither 
taste nor smell. It is not solvible in water, or only 


in a very small degree. 


I have divided a long glass tube into equal mea- 
sures, which is distinguished by marks made with a 
diamond. I shall now put two measures of phlogis- 
ticated gas into this tube, and then agitate it strongly 
in water; and you see that after * — agitation the 
volume of air is not sensibly diminished. 

This gas does not exhibit any sign of acidity; it 
does not redden the blue colour of vegetables. Here 
is a tube full of mere phlogisticated air; I introduce 
therein a small quantity of * tincture of turnsole, 


whe 
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diluted in water, and you find that the colour re- 
mains the same, and is not changed by the 
Phlogisticated air does not precipitate lime from 
Iime-water. I put a small quantity of lime-water 
into a tube filled with the gas, and you see that it 
remains clear and limpid, and that no precipitation 
takes place. It is improper for respiration and com- 
bustion; an animal is soon suffocated therein, and 
a candle or taper immediately extinguished. 
Plants live and vegetate in this air, and render it 
respirable; the vegetables decomposing the water, 
separate the vital air from it, which mixing with this 


gas, forms atmospheric air; in fact, 72 parts of this 


gas mixed with 28 of vital air, forms air similar to 
that of the atmosphere. 

This gas mixes with other airs without combining 
with them; it is absorbed by nitrous acid, which 
renders it fuming. Mr. Cavendish has shewn, that 
three parts of — mixed with seven of vital 
air, and then expo ul io the passage of the elastic 
spark, is gradually condensed, and produces the 
nitrous aci 

Almost every air or gas 1s conyertible into phlo- 
E air. Vital air absorbed by charcoal which 

as been made red-hot, and expelled from thence by 
plunging the charcoal in water, is changed into 
phlogisticazed air. A mixture of one measure of 
vital air and two measures of inflammable air, kept 
standing for some time together, was found to con- 
tain a quantity of phlogisticated air. Nitrous air 
is changed into phlogisticated by several me- 
thods, among others, by exposure to the electric 
2 by absorption by charcoal, and expulsion 

om thence. 

M. Berthollet has discovered that it is a combina- 
tion of this air with inflammable air that forms the 
ammoniac obtained from animal substances, by the 
action of fire and by putrefaction; and that plants, 
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which give the same salt by distillation, furnish it in 

consequence of their containing this gas, and there- 
fore well deserve the name of animal plants, which 
has been given to them by some chemists. M. Four- 
croy has found, 1. That of animal matters, the fibrous 
parts afford most of this gas by nitrous acid: when 
the nitrous acid acts upon the flesh, or other parts 
of animal substances, the elastic fluid, which is first 
and most plentifully disengaged, is phlogisticated 
air. 2, That after pure they contain no 
more phlogisticated air, but are rendered capable of 
: affording a considerable quantity of ammoniac. 


OF COMMON ATMOSPHERIC AIR, AND ITS DIVI- 
SION INTO TWO ELASTIC FLUIDS; ONE FIT 
FOR RESPIRATION, THE OTHER INCAPABLE OE 
BEING RESPIRED. | 


From the preceding Lectures it appears, that our 
atmosphere is composed of a mixture of every sub- 
stance capable of retaining the gaseous or aeriform 
state in the common temperature, and under the 
usual pressure; that these fluids constitute a mass 
in' some measure homogeneous, extending from the 
surface of the earth to the greatest height hitherto 
attained, and whose density continually increases in 
the inverse ratio of the superincumbent weight: but 
it is possible that this frat stratum may be sur- 
mounted by several others consisting of different 
fluids. 1 | 

Modern chemists have endeavoured to determine 
by experiments the elastic fluids which compose the 
lower*stratum we inhabit. There are two methods 
of determining the constituent parts of bodies; the 
method of analysis, and that of 
for instance, by combining water with alcohol you 
form what is called brandy or spirit of wine, you 
have certainly a right to conclude that brandy or 


-- 


synthesis. When, 
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spirit of wine is composed of alcohol combined with 


water. The same result may be produced by the 
analytical method. 0 ene 
M. Lavoisier has treated atmospherical air in this 
manner, and endeavoured to ascertain its nature by 
decomposing it, and forming it anew; I shall, there- 


fore, here recount some of his interesting experi- 


ments. He took a retort containing about thirty-six 
inches; the neck was so bent as to allow its being 
placed on a furnace, while the neck was inserted 
under the glass receiver which was placed in a trough 
of quicksilver. Four ounces of mercury were put 


into the retort, and the air was extracted from the 


receiver by means of a syphon, so as to raise the 
mercury therein to a certain height, which height 
was carefully marked by a slip of paper. The height 
of the barometer and thermometer being noted, a 
fire was lighted in the furnace, and kept up conti- 
nually for twelve days, so as to keep the quicksilver 
always near to the boiling point. ä | 

Nothing remarkable appeared during the first day: 
the mercury, though not boiling, was continually 
evaporating, and covered the interior surface of the 
vessel with small drops, at first very minute, which 
gradually augmenting to a sufficient size, fell back 
into the mass at the bottom of the vessel. 

On the second day, small red particles began to 
appear on the surface of the mercury, which during 
the four or five following days gradually increased in 
size and number, after which they ceased to increase 
in every respect. At the end of twelve days, as the 
calcination of the mercury did not increase, the fire 
was extinguished, and the vessels suffered to cool. 

The volume of air in the body and neck of the 
retort and in the receiver, reduced to a medium of 
78 inches of the barometer and 54* of the thermo- 
meter, at the commencement of the experiment was 
50 cubical inches; but at the end of the experiment, 
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the remaining air reduced to the same medium of 
pressure and temperature, was only between 42 and 
43 cubic inches; consequently, it had lost about 
five-sixths of its volume. The red particles were 
afterwards collected, and found to amount to. forty- 
five grains. | 

The air which remained after the calcination of 
the mercury in this experiment, and which was re- 
duced to five-sixths of its former bulk, was no longer 
fit either for respiration or combustion; animals in- 
troduced into it were suffocated in a few seconds, 
and when a taper was plunged therein, it was extin- 
guished, as if it had been immerged in water. 

M. Lavoisier then took the forty-five grains of 
of red matter formed during the experiment, and put 
them into a glass retort with a proper apparatus for 
receiving such liquid or aerial fluid as might be ex- 
tracted. Having applied fire to the retort in a fur- 
nace, he observed, that in proportion as the red 
matter was heated, the intensity of its colour aug- 
mented. When the retort was almost red-hot, the 
red matter began gradually to decrease in bulk, and 
in a few minutes after it disappeared altogether; at 
the same time forty-one grains and an half of runnin 
mercury were * Abs and seven or eight cubical 
inches of an elastic fluid, much more capable of sup- 
porting both combustion and respiration than atmos- 
pheric air. A taper burned in it with a dazzling 
splendor; charcoal, instead of consuming quietly, 
as it does in common air, burnt with a flame at- 
tended with a decrepitating noise, and threw out 
such a brilliant light, that the eye could hardly in- 
dure it. | 
If you reflect upon this experiment, you readily 
perceive, that the mercury, during its calcination, 
absorbs the pure and respirable part of the air; that 
the remaining part is a species of mephitis, incapa- 
ble of supporting combustion or respiration ; and, 
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eonsequently, that atmospheric air is composed of 
two elastic fluids of different and opposite qualities. 
As a proof of this, if these two elastic fluids are re- 
combined, that is, the forty-two cubical inches of 
mephitis, or phlogisticated air, with the eight cubical 
inches of vital air, you re- produce an air apparently 
similar to that of the atmosphere, and possessing 
nearly the same power of supporting combustion and 
respiration. | 

As, during the calcination of mercury, air is de- 
composed, and the base of the respirable part fixed 
and combined with the mercury, it follows from 
what has been already established in our Lectures, 
that fire and light must be disengaged during the 
process; but it is not sensible in this experiment for 


the following reasons. As the calcination lasts se- 


veral days, the fire and light that are disengaged in 
so considerable a space of time, become extremely 
small for each particular moment of that time, so as 
not to be perceptible, and further, are also conſounded 
with that proceeding from the furnace. 

It is, however, easy to render this disengagement 


of fire and light evident to the senses, by causing the 


decomposition of the air to take place in a more ra- 


pid manner. For this purpose iron is well adapted, 


and we shall therefore relate to you Dr. Ingenhouz's 
curious experiment of the deflagration of iron wire 
in oxygene air, which was exhibited to you in one of 
our last Lectures. You remember that the instant 
the tinder came in contact with the vital air, the 


iron wire took fire and burnt rapidly, throwing out 


brilliant sparks. When every thing has been pro- 
perly arranged and conducted, according to M. La- 
voisier's method, the whole wire is consumed even 
to the last particle; the globules of iron will be found 
in that state called martial ethiops. If the experi- 


ment be well made from 100 grains of iron, you will 


obtain 135 or 136 grains of ethiops, which is an 


augmentation of 35 per cent, These experiments 


DO 
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will be sufficient to give you some idea of the nature 
of atmospheric air; you will find many more to the 
same purpose in the later chemical writers; shewing 
elearly, that the mixture of about 72 parts of phlo- 
gisticated air and 28 of vital air, form a fluid similar 
to the mass in which we live. These two principles 
are so well mixed therein, each of them so necessary 
to the support of the various functions of individuals 
which live and vegetate upon the globe, that they 
have not yet been found separate and alone. The 
proportion of these gasses is subject to variations, 
which depend on local causes that cannot possibly 
be ascertained. | 1.9 

The characteristic properties of vital air are modi- 
fied by those of phlogisticated air; and these modi- 
fications seem to be necessary, for if we were to 
respire vital air in its purity, it would quickly con- 
sume our life. Though it may be useful as a medi- 
dicine, the candle of life would burn out too fast, 
and the animal powers be too soon exhausted in the 
pure air. | 

M. Lavoisier, from the foregoing experiments, 
considers atmospherical air as a mere mixture of 
vital and phlogisticated airs. For this he has no 
other reason than that by applying substances to it 
which have an affinity to vital air, the portion of this 
fluid that is in the atmospherical air is absorbed, 
while the residuum is phlogisticated air. 

But this fact may only shew, that atmospherical 
air can be decompounded, and that it may be consi- 
dered as a chemical compound, consisting of a given 
proportion of vital and phlogisticated airs. There 
are, indeed, many reasons to induce us to prefer this 
consideration, that atmospherical air is an homoge- 
neous fluid, or in other words, an uniform chemical 
compound, to that of its being a mere mixture of 
two distinct fluids.“ 


* Keir's Chemical Dictionary, part 1, p. 125, 
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Thus we find vital air and phlogiston are capable 
of combining in a variety of proportions, and conse- 
uently of assuming different forms: there is, there- 
ore, no improbability in supposing atmospherical 


air, as it consists of the same elements, to be also 


an uniform compound. | 

Further, atmospherical air is found-by eudiome- 
trical experiments to be very uniform in the propor- 
tion of its constituent parts of pure and phlogisticated 
airs. If it were a mere mixture, one should, expect 
to find a great diversity therein; but, being a com- 
pound of a given proportion in its constituent parts, 
which proportion 1s undoubtedly the best possible for 
its purposes of maintaining animal and vegetable 
supstances, and other important uses to which it is 
destined, it is kept very nearly of one uniform com- 
position, or degree of purity, as it 1s called. 

If the atmospherical fluid consisted of a mere mix- 
ture of those two airs floating together in the same 
space, as they are of different specific gravities, they 
would separate, the pure air remaining near the sur- 
face of the earth, and the phlogisticated air ascend- 
ing. But from the comparative observations which 
have been made of the purity of the air in valleys 
and at the tops of loſty mountains, there is reason 
to believe that no such separation takes place. Our 
atmospherical fluid contains a variety of extraneous 
particles, but that we judge in common to be less 
than the rzzth part of the whole.“ 


*The gravity of our atmospheric fluid is affected much by the 
changes of heat, wind, purity, &c. 80 that its specific gravity, com- 
pared with that of water, has sometimes been known to be as 1 to 
606, at other times, as 1 to 931 ; of course, similar variations must 
take place in the other elastic fluids. A mean state gives it as 
1 to 800, and the weight of a cubic inch 0.31048. Epir. 
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Nitrous gas or air was first discovered by Dr. Hales, 
who produced it from the Walton pyrites, by means 
of the spirit of nitre: he also observed, that when 
Joined to the common air an effervescence ensued, 
with a turbid red colour of the mixture, and an ab- 
sorption of part of the common air. Dr. Priestley, 
extending the experiment to other metallic sub- 
stances observed, that the same kind of air was by 
the same acid readily procured from iron, copper, 
brass, tin, silver, quicksilver, bismuth, and nickel; 
and that though it constantly, when joined to com- 
mon air, exhibited those appearances mentioned by 
Dr. Hales, and more conspicuouly in proportion to 
the purity of the common air mixed with it, that is, 
its fitness for respiration; yet it made no change with 
either fixed or inflammable air, or that air tainted 
by the breath of animals, or the corruption of their 
bodies. By means of this test he was enabled to 
judge of the kind, as well as of the degree of injury 
done to common air by candles burning in it; and 
to perceive a real difference in the air of his study, 
after a few persons had been with him there. Nay, 
a phial of air having been sent him from the neigh- 
bourhood of a large town, it appeared, upon a com- 
parative trial, to be inferior in quality to that taken 


up near Leeds. It was upon such a prospect of ob- 


taining a criterion for distinguishing good air from 
bad, that Lord Bacon almost in rapture breaks out: 
There are noble experiments that can make this 
discovery, for they serve for a natural divination of 
seasons.“ —“ They teach men to choose their dwell- 
ings for their better health.“ Later experiments 
have shewn, that this test is not so very adyanta- 
geous as was at first supposed. =o 
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Nitrous air is one of the constituent parts of the 
nitrous acid, or it is rather the same deprived in a 
great degree of its acid. It is composed, there- 
fore, of the same parts as the nitrous acid, that is, 
of mephitis, or phlogisticated air, holding a small 
quantity of vital air, and combined with fire. In 6 
this state it is not soluble in water; but if it be fur- | ny 
nished with vitak, air, it 'becomes acid, and very! so- | 
luble in water. 

You may ds be convinced, both analytically 
and synthetically, that the base of phlogisticated air, 
is the nitrous acid, holding vital air, hut not satu- 
rated with it, for in that case it would become the 
nitrous acid. 

1. By analysis, you may decompose the nitrous 
acid, and reduce it to the state of nitrous air, by 
making it act on any metal, as copper, which takes 
away the greater part of its vital air, Exposing this 
air afterwards to the liver of sulphur, it is deprived 
of the remainder of the vital air, and nothing re- 
mains but phlogisticated air. 2. By synthesis, 
Mr. Cavendisſ introduced into a tube of glass seven 
parts of vital air, obtained without the use of nitrous 
acid, and, three parts of phlogisticated air, or, esti- 
mating them by weight, ten parts of phlogisticated 
to twenty-six of vital air: and having caused the 
electric. spark to pass through this air, perceived 
that its bulk was considerably diminished, and sue- 
ceeded in converting them into the nitrous acid. 

From this experiment it may be presumed, that 
the nitrous acid is a combination of seven parts of 
vital, and three of phlogisticated air; that these 
proporyens constitute the common nitrous acid. 

hen it is deprived of a portion of its vital air, it 
passes to the state of nitrous air; so that, as we said 

before, nitrous air is a combination of phlogisticated 
air with a small quantity of vital air. Nitrous 
acid may also be produced by exposing vital air, 
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for a long time, to the exhalations of putrefying 
animal substances, together with a calcareous earth, 
or any other Proey base to receive and combine 
therewith. 


The nerds acid may los be instantly produced 


by mixing nitrous with vital air. 

The existence of nitrous acid in the atmosphere 
has long been a very popular opinion; it however 
rested upon no decisive fact, till Mr. Cavendish, by 
an important experiment, seems to have placed It 
among established truths. He has shewn, that by 
passing the electric spark through common air in- 
cluded in a glass tube, the air was diminished in 
quantity, and nitrous acid was produced. 

Common air being supposed to be a mixture of 
vital and phlogisticated airs, he repeated the experi- 
ment on a mixture of these fluids as above related, 
and found that when mixed in due proportion, they 
were wholly convertible into the nitrous acid, or ni- 
trous acid and water. 

Now, as the nitrous acid may be obtained either 
from a mixture of common or nitrous air, or of 
common and phlogisticated air, it seems cvident, 
that nitrous and phlogisticated airs must contain 
the same elements, but that one of them is modified 
by vital air. 

Nitrous air may be disengaged from the acid, by 
making this act on combustible matters, which com- 
bine more or less with its vital air, whilst the phlo- 

iston thereof holds a small quantity of vital air, 
which together with fire forms nitrous air; conse- 
quently it may be extracted from the nitrous acid, by 
means of iron, copper, brass, tin, silver, mercury, 
bismuth, and nickel; and even from aqua regia, by 
gold and antimony. The acid must be cautiously 
applied to iron, on account of the strong emission 
or the fumes. 
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It may be obtained from the nitrous acid by spirit 
of wine, ether, oils, resinous substances, gums, 
sugar, &c. The properties thereof are the same, 
from whatsoever substance it be extracted. + 

It is obtained in the largest quantities from metals. 
There are soine, however, from which nothing. can 
be obtained but phlogisticated air, because they de- 
prive the acid of all its vital air. 

put some thin pieces of copper into this bottle, 
which I fill with nitrous acid that I have previously 
diluted with water; I then put in a ground stopple 
and bent tube into the neck of the bottle, and in- 
troduce the tube under one of the jars, that are filled 
with water, of my pneumatic apparatus: an effer- 
vescence, you see, takes place in the bottle, the metal 
is dissolved; and the nitrous air rises through the 
water, and settles at the upper part of the inverted 

ar. 

ö Nitrous air is very little, if any ching, heavier than 
atmospheric air. Pure nitrous air is not at all mis- 
eible with water, as you may easily experience by 
agitating them together in a glass tube under water. 
It is not acid; does not change the blue colour of 
vegetables, such as the tincture of turnsole; as you 
will see by my passing a little of the tincture in this 
tube with nitrous air, the colour is not changed. 

It does not maintain combustion. I plunge this 
Eghted taper into it, you see how soon it is extin- 
guished; before the flame went out it became of a 
gre een colour. It is unfit for respiration, and speedily 

ills both animals and plants. It possesses the re- 
markable property of uniting with vital air, with 
which it forms nitrous acid; when mixed therewith, 
it forms a red cloud, which is imbibed by the d e 
and renders it acic. 

Here is a long glass tube divided into equal mea- 
sures; I shall first put two measures of atmospheric air 
therein, and one of nitrous air; you observe that it 
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fumes immediately, and becomes hot; and as the 
combination which now takes place forms nitrous 
acid, which is very solvible in water, you will see 


the water rise in proportion as it absorbs the acid; so 


that of three measures which were in the tube at 
first, only one and an half will remain; if the air 
was good, the residuum is azotic air. The heat 
produced in this experiment arises from the fire 
which is set at liberty. If, instead of atmospheric 
air, you put into the tube two measures of vital air, 
and two of nitrous, the whole will be nearly absorbed 
by the water. Dr. Priestley found, by various expe- 
riments, that when nitrous air is mixed with an 
other elastic fluid, they undergo no change, if the 
latter be unfit to support combustion or animal life; 
but if, on the contrary, the red cloud is formed, and 
the whole bulk of the mixture is diminished, accord- 
ingly as the air is more or less pure. 

This property of nitrous air to absorb the respi- 
rative part of air, and form the nitrous acid, enables 
us to use it as a test to discover the salubrity or por- 


tion of vital air in the composition of the atmos- 


phere: upon this principle the eudiometers are con- 
structed. This instrument, however, is as yet im- 
perfect; it will indeed shew, to a certain degree of 
accuracy, the proportion of vital air, and the salu- 
brity of the atmosphere, as far as it may depend on 
a certain portion of this air; but it gives no informa- 
tion relative to the other noxious airs, &c. which, 
when mixed in the atmosphere, alter and render it 
unwholsome. Besides which, it is very difficult to 
obtain nitrous air of the same degree of purity; and 
there are alterations in the appearances or effect that 
may arise from a difference of temperature. 

Nitrous air may be decomposed by exposing it to 
liver of sulphur; the vital air unites with the sul- 
phur, and forms vitriolic acid, and leaves the azotic 
air behind in a state of purity. It may also be de- 
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composed by pyrophorus, which burns therein and 
absorbs the vital air. 

Mr. Van Marum has shewn, that this gas may be 
decomposed by the electric spark, that three cubic 
inches thereof were thereby reduced to one inch and 
three quarters, and that the residue no longer pos- 
sesses any properties of nitrous air. The vitriolic 
acid absorbs nitrous air, and assumes a purple co- 
lour; marine acid imbibes, and becomes blue: it is 
also absorbed by ether, alkaline liquors, and spirit 
of wine. 

If nitrous acid be exposed to nitrous air, the latter 
is absorbed in large quantities, and the colour of the 
acid changes, first at the surface, and gradually 
through the whole liquid; the succession of colours 
are first yellow, then deep orange, next green, and 
lastly blue: by this absorption the acid is rendered 
much more volatile. 


or FIXED AIR, OR THE CARBONIC ACID GAS. 


This acid is generally found in an aeriform state: 
of the various elastic fluids it is that which has been 
longest known; from its apparent acid qualities it 
has been named aerial acid, and carbonic acid; from 
its noxious qualities it is often termed mephitic air. 
Van Helmont called it gas sybvestris, because it was 
produced in vast quantities during the combustion 
of charcoal. The term fixed air was given thereto, 
because it so rapidly lost its elasticity, and fixed it- 
self in many substances, particularly those of the 
calcareous kind: its nature is, however, far from 
being ascertained. Many chemists consider it as 
— 1 or at least as having never yet been decom- 
PE It is about twice as heavy as common air; 

ence it occupies the lower parts of those cellars, 
mines, eaves, &c. that contain materials proper for 
its formation. | 
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The French chemists consider fixed air as a com- 


bination of carbonne (matter or principle of char- 


coal), and of vital air. They think this to be evi- 
dent for the following reasons: First, that tbe calces 
of 2 are reducible without addition when dis- 
tilled, and afford only vital air; but if a small quan- 
tity of charcoal be mixed with the calx, the product 
which comes over is only fixed air, and the weight 
of the charcoal is diminished. Secondly, that if 
well-made charcoal be ignited, and plunged: into a 
vessel of vital air, and the vessel be instantly closed, 


. the charcoal burns rapidly, and at last goes out; the 


product is fixed air, and a small quantity of vital air, 
which may be changed into fixed air by the same 
operation. The French chemists, considering no- 
thing to be present but charcoal and vital air, con- 
clude that fixed air is a combination of these two 


principles held together by fire 


This gas, or air, is often found to be occupying 
the lower parts of mines, caverns, tombs, privies, 
and such other subterraneous places as contain mate- 
rials for producing it. It is called the choke-damp 
by the miners. The grotto Del Cano, near Naples, 
has long been famous for a mephitic vapour, which 
floats within a foot of the surface. It is a cave in 
the side of a mountain, near the lake Agnano, into 
which if you thrust a dog, or any other animal that 


holds down its head, it is immediately killed by in- 


haling the noxious vapour. It exists in a state of 
simple mixture in mineral waters; in these it pos- 
sesses all its acidulous qualities. 

It is emitted in large quantities ſrom bodies in a 
state of vinous fermentation, such as wine, beer, &c. 
On account of its great weight, fixed air occupies 
the space or upper part of the vessels where the fer- 
menting process is going on. A variety. of enter- 
taining experiments may be made in this stratum of 
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elastic fluid.“ Lighted paper, or a candle dipped 


into it, is immediately extinguished, and the smoke 
remaining in the fixed air renders its surface visible, 
which by agitation may be thrown into waves, and 
has a very pleasing effect. If a dish of water be im- 
mersed in this air, and briskly agitated, it soon be- 
comes impregnated, and obtains a lively taste of Pyr- 
mont water, In consequence of its weight, fixed air 


- may be dipped out in a pitcher, or bottle, and con- 


veyed, if well corked, to a great distance. The ef 
fects produced by pouring this invisible fluid from 
one vessel to another, have a very singular appear- 
ance, If a candle, or small animal, be placed in a 
deep vessel, the former is extinguished, and the 
latter expires in a second, after the fixed air is poured 
upon them; though the eye is incapable of perceiv- 
ing any thing thus poured out, or producing these 
effects. 

This air is also furnished in great abundance b 
the respiration of animals, where the vital air, which 
has parted with a great portion of its fire for the sup- 
port of animal life, combines with a carbonnous 
substance, which is disengaged from the blood in 
the lungs. You have already seen how unfit this 
fixed air is for respiration. History informs us, that 
the two slaves, whom Tiberius caused to descend into 
the grotto Del Cano, were immediately stifled. 
Two eriminals, caused to be shut in. there by Peter 
Toleda, suffered the same fate. The Abbe Vollet, 
who had the courage to respire the air, perceived a 
suffocating sensation, and a slight degree of acidity, 
which produced coughing and sneezing. The un- 
fortunate. Pilatre de Rozier caused himself to be 
let down into the gaseous atmosphere of a back 
of beer in fermentation; he had scarce entered 


* Pricitley's Experiments and Observations on Air, vol. i. p. 44. 
Maboltzon s First Principles of Chemistry, 3d edit. p. 190. 
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the mephitis before slight prickings obliged him 
to shut his eyes, a violent suffocation prevented 
him from respiring, he felt a giddiness, accom- 
panied by those noises which characterize an apo- 
plexy: when he was drawn up, his sight remained 
dim for several minutes, his countenance was be- 
come purple, he neither heard nor spoke but with 
great difficulty, These symptoms, however, all 
disappeared by degrees. 

It is this air which produces the many unhappy 
accidents at the opening of cellars, in places where 
wine, cyder, or beer, are suffered to ferment. Birds 
plunged into this air suddenly perish. When the 
waters of Boulidou, of Perols, are dry, such birds 
as attempt to quench their thirst in the clefts, are en- 
veloped in the fatal vapour, and die. 

Frogs, by suspending their respiration, live from: 
forty to sixty minutes, when plunged in an atmos- 
phere of fixed air. Insects are rendered torpid if 
they remain a long time in this air, but recover their 
vivacity as soon as they are exposed to the open air. 

Fixed air is combined with a great number of 
substances. It forms about one third of the weight 
of lime-stone, marble, calcareous spar, and other 
natural specimens of calcareous earth, from which 
it may be extracted by heat, or by any acid stronger 
than itself. Stronger acids expel more fixed air than 
those that are weaker, I shall shew you how to ex- 
tricate this air from some marble grossly powdered, 
with which I shall fill about a fifth of this bottle, 
which is furnished with a ground stopple and bent 
tube, and then pour on enough water to cover the 
chalk, and add this small quantity of oil of vitriol, 
being about a fourth or fifth part of the water. I 
now pass the extremity of the tube through the wa- 
ter into the pneumatic tub, so that it may remain 
under the neck of this receiver, which is filled with 
water; a fermentation unmediately takes place, 
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which is On with heat, as you will feel by 
applying your hand to the outside of the bottle; and 
the elastic fluid, which is fixed air, is copiously 
emitted from the mixture, which passing through the 
bent tube, and the water ascends to 45 top of the 
receiver; in proportion as it fills this, the bes 
dually descends, and 1s at last quite expelled. We 
may now remove our bent tube- and bottle to an- 
other receiver, and thus proceed till we have obtained 
as much fixed air as it will furnish., This air is 
absorbed by water, but the absorption is very slow 
unless the water is agitated, by which means you 
multiply the points of contact. I shall put three 
measures of fixed air into this graduated tube, and 
then agitate it briskly in the water of our pneumatic 
tub, allowing time fe the absorption to take place. 
1 now elevate the tube, and you sce by the rise of the 
water therein, how much air it has absorbed. Wa- 
ter, in general, under the common' pressure of the 
atmosphere, and at a low temperature, absorbs some- 
what more than its bulk of fixed air. It absorbs 
more when cold than when it is heated. If water, 
impregnated with this air, be placed on a brisk 
fire, the rapid escape of aerial bubbles gives it the 
appearance of boiling water, when the heat is not 
greater than the hand will bear. Congelation se- 
' parates this air completely from water, but no de- 
gree of cold or pressure has yet exhibited it in a state 
of bee or dense fluidity. 
Water impregnated with this air acquires a plea- 
sant acidulous taste, and the properties of simple 


mineral waters; it is esteemed a powerful antiseptic, 


and possesses very valuable medicinal qualities. The 
natural acidulous mineral waters do not differ from 
these, excepting in holding other principles in solu- 
tion, and they may be perfectly imitated when their 
analysis is 4 It is * to think that art is 
incapable of imitating nature in the composition of 
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mineral waters. The operation is purely mechanical, 
consisting of the solution of certain known rey 
ciples in water; we can and ought therefore to 
form it still better, as we have the power of varying 
the dose, and proportioning the strength of any mi- 


neral water to the purposes to which it is intended 10 
be * 


To IMPREGNATE WATER WITH FIXED AIR, 


For impregnating fixed air with water, Dr. Nooth's 
machine is the most effectual and convenient. It 
consists of three glass vessels, plate 6, fig. 5. The 
lower vessel, C, . the effervescent materials; 
the middle vessel, B, is open, both above and be- 
low; its inferior neck 1 is fitted by grinding into the 
neck, H, of the lower vessel; in the former is a valve; 
this valve opens and suffers the air to pass; but the 

water cannot return through the tubes, partly be- 
cause the orifice is capillary, and partly because the 
flat piece covers the whole; the middle vessel is 
furnished with a glass cock E, to draw off its con- 
tents; the upper vessel, A, is fitted, by grinding, into 
the upper neck of the middle vessel; its inferior part 
consists of a tube, that passes almost as low as the 
center of the middle vessel; its upper orifice is closed 
by a ground stopper F. When this apparatus is to 
be used, the effervescent materials are put into the 
lower vessel, at the aperture D, the middle vessel is 

filled with pure water, and put in its place, and the 
upper vessel is nearly stopped, and likewise put in 
its place; the consequence is, that the fixed air, 
passing through the valve at H, ascends into the 
upper part of the middle vessel B, where, by its elas- 
ticity, it re- acts upon the water, and forces part up the 
tube into the vessel A; part of the common air in this 
last being compressed, and the rest escaping by the 
Stopper, which is made of a conical figure, that it 
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may be easily raised; as more fixed air is extricated, 
more water rises, till at length the water in the 
middle vessel falls below the lower orifice of the 
tube; fixed air then passes through the tube into the 
upper vessel, and expels more of the common air by 
raising the stopper; in this situation, the water in 
both vessels being in contact with a body of fixed air, 
after a certain time becomes strongly impregnated 
with that fluid. This effect may be hastened by 
taking off the middle and upper vessels together, and 
agitating them. | 

The following articles are sometimes added to this 
machine, which make it more complete and ready 
in the management: a wooden base for to support 
the parts A and B, when separated from the base C, 
int order to agitate the water and fixed air for a 
quicker impregnation; a wooden tray to support 
the base D, and to receive any water or materials 
spilt over the glass; a wide glass funnel, a, to con- 
vey the materials into A; a small phial or measure, 6, 
for the due quantity of the vitriolic acid; and a tin 
trough, c, to measure the pounded chalk or marble; 
and when the machine is to be laid aside, or moved 
away, a proper packing case, so as to stop all the 
parts that they may not break in the carriage. 

The following are the usual and proper directions 
given for using this apparatus: Take the three pieces, 
A, B, C, apart from each other, and put as much 
water in the bottom vessel as will cover its lower sur- 
face all over; fill the middle vessel, B, with spring 
or common water, and put the top vessel on it; 
when that is done, fill the small phial 5, sent with 
the machine, with acid of vitriol, and pour it into the 
bottom vessel; then take the tin measure, c, full of 
powdered chalk or marble, and put it into the bot- 
tom vessel through the glass funnel; then immedi- 
ately put on the other two vessels. Let them all 
stand for about twelve hours, and the water will then 
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be strongly impregnated, and fit for use. It may not 
be improper to shake the whole apparatus very gently, 
about once or twice in every hqur, which will expe- 
dite the effervescence, and discharge more fixed air 
than it otherwise would do. | 
These waters are recommended by the most emi- 
nent physicians, on account of the very great number 
of cascs in which they have been highly beneficial. 
By adding eight or ten drops of #1mctura martis cum 
Sprritu salis to each pint of water, after it is well im- 
regnated with fixed air, it will resemble the genuine 
Pont water. But to render it chalybeate, add 
only one grain of salt of steel to the same quantity of 
this water. 
For making, by the same machine, the aqua me- 
phetica alcalina, or solution of vegetable alkaline 
salt, saturated with fixable. air, which has lately 
been discovered to be an efficacious remedy in cal- 
culous complaints, and other disorders of the urinary 
| „attended with stranguary:“ put an ounce 
and a 1 troy weight, of dry clean salt of tartar 
into a large glass, china, or stone-ware vessel, and 
pour thereon as much water as the middle vessel of 
the apparatus will contain. Rain water, or water 
that has been boiled, if it can be collected perfectly 
free from impurity, is to be preferred; if it cannot 
be procured, good spring water may suffice: stir the 
water well until the whole of the salt is dissolved; 
and then set it to stand in a quiet cool place, with a. 
cover on the top, for twenty-four hours. The clear 
liquor then should be carefully poured off, or, it 
would be better, drawn off with a syphon, from any 
indissoluble sediment that may remain, and put into 


the middle part of the glass machine, which will be 


nearly filled thereby. 


* See Dr. Falconer's Appendix to the second edition of Dr. Dobson's 
Medical Commentary on Fixed Air. 
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A stream of fixable air must then be made to pass 
through it, as in the directions for impregnating 
simple water with fixable air. When the efferves- 
cence is over, and the fixed air has ceased to rise, 
a fresh quantity of chalk or marble dust, which last 
is preferable, should be added, till it will ferment no 
longer, and then the bottom glass to be emptied and 
begin again as at first: the liquor should be suffered 
to remain in the machine, exposed to the fixable air 
ſor sixty hours; it will then be fit for use, and what 
is immediately wanted may be taken. The re- 
mainder, however, should be carefully drawn off into 
clean bottles (pint or half-pint bottles are to be pre- 
ferred), and immediately corked up closely and set 
in a cool place, with the mouths of the bottles down- 
wards, and immersed a few inches deep in cold 
Water. a 
The above remedy has been taken with great ad- 
vantage in calculous complaints of the urinary pas- 
sages, and in habitual stranguaries, from a quarter of 
a pint daily, to a pint or more. If it should feel 
cold at the stomach, about one fourth part of hot 
milk may be added to each dose, at the time of tax- 
ing; or a tea-spoonful of tincture of cardamums, or 
of the compound spirit of lavender, may be taken 
immediately after it. | 

The quantity generally taken has been about four 
ounces by measure, or a quarter of a pint thrice a 
day, at about an hour's distance from the time of 
taking food; though, when used by way of pre- 
vention, two-thirds of that quantity may suffice. 

When properly made, the liquor should have a 
brisk, acidulous taste, resembling Seltzer water, and 
He totally free from any alkaline flavour whatsoever. 

If the alkaline solution be not perfectly saturated 
with fixable air, it is apt, not only to be disagree- 
able to the taste and stomach, but also to prove irri- 
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tating to the urinary passages, which it scarcely 
ever does when properly prepared. 


White powder of marble may be used ſor the 


duction of fixed air, in preference to chalk, only 

ecause it yields fixed air for a long time, and in a 

regular manner, whereas chalk gives one great quan- 
tity of it in a short time. EY WAH 


t has also been recommended, to prepare previ- 


ously a mixture of oil and vitriol, in the proportion of 


about sixteen measures of the glass, &, of water with 
one of oil of vitriol, supposing the acid strong or 
good. In this case, should any be spilt by accident, 
the operator's hands, &c. will sustain less damage, 
and the carriage rendered safer, though, on the other 
hand, the bulk is somewhat increased. | 

When the impregnated water is drawn ont of the 
middle vessel B, more fresh water must be poured 
into the upper vessel A, After the same manner 
milk and liquids given to patients may be impreg- 
nated with the fixed air. 

The late Mr. Magellan, F. R. S. recommended 
two additional glass pieces, similar to A and B, 
plate 6, fig. 5, which, during the action of the fixed 
air, were alternately placed on the lower vessel, C, 
and a wooden temporary stand; by this means the 
time of impregnation was reduced to be very short, 
and without much trouble of agitating the two upper 
vessels. 1 1 

The water thus impregnated has acquired acid 


properties; for it will change the blue infusion of 


turnsole red; nay, if a weak solution thereof be only 
exposed to fixed air, it acquires a reddish teint. 


This air, and the water impregnated therewith, 
precipitates lime from lime-water:* to prove this to 


Made by dissolving pure and fresh quick lime in distilled wa- 
ter, filtering part of this solution in unsized paper, and keeping 
it for use in well corked bottles, Ebir. 
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you, I shall mix a little of this lime- water with some 
fixed air; you see the water assumes a milky ap- 
pearance, and the lime is er The same 
effect would take place if I were to pour upon the 
lime- water some water impregnated with fixed air. 


Lime combined with this air forms chalk which is 


not soluble in water, but is precipitated thereby; 
lime-water is therefore a test for to discover this air. 
It was Dr, Black who first shewed that the causticity, 
sharpness, and solubility in water of calcareous earths, 
was owing to their being deprived of fixed air; and 
that when they were combined with a proper quan- 
tity thereof, they were mild; the doctor giving them 
the name of mild when they were combined with 
fixed air, and of caustic when deprived of it. 
Lime-water is precipitated by the vapour emitted 


by animals in respiration. 


Fixed air combines with alkalies. It neutralizes 
both fixed and volatile alkalies; not only destroys 
their acidity, but gives them manifestly an acid taste, 


and enables them to form crystals of a neutral or 


acidulous salt. 

Some writers assert, that this air resists putrefac- 
tion, absorbing the putrid effluvia emitted from 
bodies; it is, however, improper for vegetation. 
Dr. Priestley, having kept the roots of several plants 
in water impregnated with this acid, observed that 
they all perished; and in those instances where 
plants vegetate in water, or in air which contains 
this gas, the quantity of gas is very small. Mr. Se- 
nebier has observed, that plants suffered to grow in 
water slightly acidulated with this gas, emit a larger 
quantity of vital air. M. Chaptal says, that the fungi 
which are formed in subterraneous mines are almost 


totally resolved into fixed air; but if these vegeta- 


bles be gradually exposed to the action of light, the 
proportion of acid diminishes, while that of the coaly 
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/ prince augments, and the vegetable becomes co- 
oured. | 

By passing the electric spark through fixed air 
confined by Os the volume of air is augmented 
about one twenty-fourth part, and of this three-fifths 
will be absorbed by a solution of caustic alkali, and 
the remainder is inflammable. Many attempts have 


been made to explain this fact, but they are too un- 


satisfactory for relation. | 
Fixed air is heavier than common air. According 
to Mr. Kirwan, fixed air is to common air as 45.69 
to 08.74; according to M. Lavoisier, as 48.81 to 
69.50. 4 : | 
As a knowledge of the nature of this air is highly 
necessary in accounting for a variety of phenomena, 
I shall lay before you a summary of its properties, to 
impress more strongly what I have already mentioned 
to you. 1, It has added one more to the number 


of acids. 2. When calcareous alkalies and magnesia 


in their usual state are mixed with acids, an effer- 
vescence takes place, and fixed air is disengaged 
from them. 3. It has caused a distinction to be 
made of all alkaline matter into two states; the state 
of purity or causticity, and the mild state, having 
the property of effervescence. Alkalies, both fixed 
and volatile, become more caustic and more power- 

ful solvents when deprived of their fixed air; they 
are then also incapable of crystallization and effer- 
vescing with acids. The calcareous earths which 
are insoluble in water, when deprived of their fixed 


air are soluble therein; thus lime-stone is not soluble 


in water, but lime, that is, lime-stone deprived of 
its fixed air, is soluble in water. It has thus re- 
moved from chemistry the difficulties it was under 
in accounting for the differences between the mild 
and caustic state of lime and alkalies, and their ef- 
fervescence with acids in the one, but not in the 
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other: by pointing out this effect, Dr. Blact, of 
Edinburgh, has been of the utmost benefit to science, 
and now reaps the reward arising from well-deserved 
and universal fame. 4. It gives the first instance of 
an acid which prefers lime to fixed alkalies. 5. It 
has explained the nature of mephitic caverns. 6. It 


has rendered the analysis of waters more perfect, 


particularly such as are called gaseous, acidulous, 
and spirituous; and we have succeeded in imitati 
of them. 7. It has thrown great light on the solu- 
tion of iron in many waters, and on the means of 
rocuring martial waters similar to those in nature. 
E, it has opened a new field to the researches of 
chemists and natural philosophers. Indeed every 
object in nature affords occasion for philosophical 
experiment, and every experiment which is made, 
even with an express view to any particular investi- 
gation, incidentally suggests matter for new inquiry. 
There is not an animal or a vegetable substance that 
we feed on, nor a saline substance that we taste, nor 
a beverage that we drink, nor the air we breathe, 
nor a metal that we handle, nor a stone we tread 
upon, but what may furnish matter for an infinity of 
experiments. It is by experiments that natural phi- 
losophers explore secondary causes, which are steps 
that ought to lead the mind of man from earth to 
heaven; for the more distinctly you apprehend the 
number and connection of the secondary causes ope- 
rating in this little system which is submitted to your 
view, the more certainly you will perceive the ne- 
cesity of their ultimately depending, like the links 
of Homer's chain, on a FIRST.“ 


* Watson's Chemical Essays, vol. iv. p. 354. 
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Tais air is found read ; formed in marshes, ditches, 


and over the surface of putrid waters, in burying- 


places, in houses of office, and in situations where 
aug animal and vegetable matters are accumu- 
ated; it may also be extracted from the waters of 


most rivers and lakes, especially those in which great 


uantities of fermenting and putrefying matters are 
wn. Dr. Franklin says, (that in warm countries, 

if the mud at the bottom of a, pond be well stirred, 
and a lighted candle be brought immediately after 
near the surface of the water, a flame will instantly 
spread a considerable way over the water, affording 
a very curious spectacle in the night time. Mr. Ca- 
vallo assures us, that it may be plentifully procured 
from most of the ponds round La to do this, 
fill a wide-mouthed bottle with the water of the 
pond, and keep it inverted therein; then with a 
stick stir the mud at the bottom of the pond, just 
under the inverted bottle, so as to let the bubbles of 


air which proceed therefrom enter into the bottle: 


this air is inflammable. When, by thus stirring the 
mud in various places, and catching the air in the 
bottle, you have filled it, you must put a cork in 
the bottle whilst the mouth is under water, and you 
may then take it home to examine the contents at 
leisure. There are many instances recorded of a 
vapour issuing from the stomachs of dead persons, 
which took fire on the approach of a candle; and 
such air is probably often generated in the intestines 


of living animals. It is found in mines in such 


quantities as to produce the most dreadful effects. 
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Being lighter than the common air, it always rises 
to the oy of those places where it is generated, so 
that it cannot be confined, except in some vaulted 
place. By itself it is very noxious, and will instantly 
put an — to animal life; but when mixed with at- 
mospherical air, may be breathed in much greater 
quantity than fixed air; its great inflammability in 
this state, however, renders it very dangerous to 
bring any lights in those places where it abounds. 
It does not inflame, unless mixed with atmospheri- 
cal or with vital air, for pure inflammable air extin- 
guishes flame as effectually as fixed or phlogisticated 
air; the explosion is more violent and the flame 
more brilliant, when it is mixed with vital than with 
atmospherical air. 

Inflammable air may be obtained in great. purity 
by decomposing water, which is always a constituent 
part thereof, The French writers term it hydro- 
gene, that is, generator of water. 

Inflammable air may always be obtained from 
water by subjecting water to the action of a substance 
with which vital air has a greater affinity than it has 

to inflammable air: by this means the inflammable 
air is set free. Red-hot iron is often employed for 
this purpose; the iron, during this process, is cal- 
cined, and is changed into a substance resembling 
the iron ore from the island of Elba; in this state of 
calx it is much less attractible by the magnet and 
dissolves in acids without effervescence. 

Charcoal in a red heat has the same power of de- 
composing water; in this process, fixed air is formed 
and mixed with the inflammable gas, but is easily 
separated by means of water or alkalies, which ab- 
sorb the fixed air, and leave the inflammable pure. 
Inflammable air may also be obtained by dissolving 
iron or zinc in weak oil of vitriol; these two metals 
decompose water but very slowly, and with great dif- 
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ficulty when alone, but do it with great ease and ra- 
pidity when assisted by the vitriolic acid. k 

J put some iron filings into this bottle, which is 
similar to that we used in making fixed air, and then 
cover them with oil of vitriol; which I have diluted 
with water; a fermentation ensues, accompanied 
with heat; having let the common air escape from 
the bottle, I shall now put in the ground stopple and 
bent tube, and pass the end of the tube into this 
bottle filled with water standing on the shelf of our 
pneumatic apparatus, and you will soon see it filled 
with a fluid, which, on examination, you will find to 
be inflammable air. 

If you heat an iron tube, kept red-hot in the fur- 
nace, the bent end of the tube being mtroduced 
under one of the receivers of the pneumatic appa- 
ratus, and then let the water pass through the tube 
by single drops, an acrial fluid will be disengaged, 
which, on trial, you will find to be inflammable air. 
As this experiment has been made by M. Lavoisier 
in the most decisive manner, and as it is the foun- 
dation of a new theory in chemistry, I shall endea- 
vour to give you an accurate idea of the method 
used by M. Lavoisier and his associates. A gun- 
barrel was taken, into which was introduced a quan- 
tity of thick iron wire flattened by hammering. 
The gun- barrel and the flattened iron were weighed 
with the most scrupulous exactness, after which the 
gun- barrel was covered with a lute, for the purpose 
of securing it from the immediate contact of the fire. 
It was then placed in a furnace with such a degree 
of inclination that water would run through it. To 
the higher extremity was adapted a funnel to contain 
water, which was suffered to escape drop by drop, 
by means of a cock: the funnel was closed, to pre- 


vent any of the water from evaporating. To the in-- 
ferior extremity of this gun-barrel was luted a tubur 
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lated receiver, to receive the water which should 
escape decomposition. Lastly, to the tube of the 
receiver was fitted another tube, to convey the in- 
flammable air to the pneumatic apparatus. 

As a further precaution, a vacuum was made in 
every part of the apparatus, in order that the in- 
flammable air might not be mixed with common air. 
Lastly, when all these preparations were completed, 
the gun- barrel was made red-hot, and the water in- 
troduced drop by drop; an enormous quantity of 
inflammable air was disengaged during the course of 
the experiment; when it was finished, the gun- barrel 
was cleared of its lute, and being weighed, was 
found to have acquired a considerable augmentation 
of weight: this augmentation of weight, added to 
the inflammable air obtained, gave a total, very ex- 
actly equal to that of the water which had disap- 
peared. The flat pieces of iron that had been intro- 
duced into the gun- barrel, and likewise the interior 
part of the gun- barrel itself, were converted into a 
thick stratum of black calx of iron, or martial 
ethiops, crystallized like the iron ore of Elba. The 
chemical analysis of this substance proved, that the 
iron was reduced exactly to the same state as that 
which had been burned in vital air. 

Messrs. Lavoisier, &c. were desirous of formin 
water again with the same inflammable gas which had 
been obtained. It was burned in a proper appara- 
tus, with a quantity of vital air equal to that which 
had been retained by the gun- barrel, and the same 
quantity of water was reproduced with sufficient ex- 
actness; it amounted to somewhat more than six 
ounces. This double experiment is considered b 
M. Lavoisier as a clear proof of the possibility of de- 
composing and recomposing water, and of its resolu- 
tion into oxygene and hydrogene. 

Instead, however, of asserting from hence, that 
water is formed by the combination of the two gasses, 
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it would be more philosophical, and nearer to the 
fact, to say, that the water obtained arises from the 
mutual decomposition of these two gasses, of which 
it probably forms the ponderable part. leigt 
Philosophers are agreed in allowing, that water is 
the sensible ponderable product of the foregoing ex- 
ment; and the question between them is, whe- 
ther this water is formed by the union of the pon- 
derable bases of these fluids, or whether these bases 
are not water itself, and which is therefore not pro- 
duced, only liberated in this experiment. By as- 
1 that it is formed, the French writers have 
turned a fact into an hypothesis. Mw 
Nothing indeed could be more convenient for 
the antiphlogistic chemists, than their ideas of the 
composition of water; for, as this fluid exists more 
or less in almost all bodies, and in almost every che- 
mical operation, and as it 1s, according to their 
theory, supposed to contain an inflammable prin- 
ciple, nothing could be more easy to account for all 
the phenomena before imputed to phlogiston, than 
by substituting for this old inflammable principle 
the new inflammable principle of water. The doc- 
trine of the composition and decomposition of water 
has accordingly nur the universal Qadipus that un- 
locks all the mysteries of chemistry; the causa sine 
= non of the French school,* a school in which 
ypotheses are continually taken for. granted as as- 
certained truths, and in which opinions, that in a 
conjectural system are proper objects of discussion, 
are admitted as facts and demonstrated truths. 
It has often been objected to the phlogistic theory, 


that phlogiston was merely an hypothesis, while the 


French school boasts, that their theory is nothing but 
an exposition of facts, which you will find, on investi- 


8 8 0 1 
* Keir's Dictionary of Chemistry, first part, Preface, p. 7. 
Dictionary, p. 207. | | 
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gation, is at least as full of hypothesis as that which 
they oppose. Thus their carbonne and hydrogene 
are not substances which have eyer been exhibjted to 
our senses, or inferred by any certain induction. 

Their carbonne is supposed to be the remainin 

t of charcoal after it has been divested of _— 
and fixed salts. It nevertheless is supposed to retain 
the peculiar properties of charcoal in forming fixed 
air when united with vital air. But what fact as- 
certains the existence of such a being, or its possibi- 
lity of forming fixed air, when deprived of all its 
earth and salts? Of their hydrogene we have already 
spoken. 

Phe great quantity of inflammable air produced in 
warm climates has made some conjecture, that it 
may have a considerable share in producing certain 
atmospherical meteors. The weak lightnings, with- 
out any explosions in the atmosphere, are by them 
conjectured to proceed from inflammable air fired 
by electric explosions. M. Volta supposes, that the 
ignes fatui are occasioned by the inflammable air, 
which proceeds from marshy grounds; but these 
phenomena may be better accounted for by the ac- 
tion of the electric fluid alone. | 

This gas is more common than any other of the 
noxious airs, for there is hardly any inflammable 
substance from which it may not be extracted. The 
fluids, however, which go by the name of inflam- 
mable air, have often no ther property in common 
but inflammability, and being lighter than common 
air. The smell, weight, power of burning, of pre- 
serying their properties, and the phenomena attend- 
ing their combustion, differ very much, some burn- 
ing in an explosive manner, others quietly with a 
lambent flame. RA yet 

There is a distinction necessary to he made be- 
tween an inflammable elastic fluid, and that which 
is made by combining ap inflammable substance with 
| Nn 2 
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common air. Thus, a drop of ether put into & 
quantity of common air mixes itself with it, and 
takes fire on the approach of flame like inflammable 
air; but if washed with water, the ether is immedi- 
ately separated from the air. Common air becomes 
also inflammable by being transmitted through se- 
veral essential oils, and thus air contiguous to the 
plant, called fraxinella, becomes inflammable in calm 
hot weather, by the emission of its imflammable air. 
Inflammable air is often mixed with other substances, 
which it holds in dissolution, and which constitute 
five varieties, v/2. hepatic gas, phosphoric gas, me- 
phitized inflammable gas, cretaceous inflammable 
gas, carbonaceous inflammable gas. 


OF PURE INFLAMMABLE AIR. 


This air has a very disagreeable smell, which it 
eyen retains when mixed with a large quantity of 
common air: you remember when I made some just 
now; it filled the whole room with its offensive 
smell, which is even not yet dissipated. 

It gives no sign of acidity, it does not precipitate 
lime from lime-water, nor change the colour of 
turnsole; when it is very pure, you may easily pre- 
serve it in bottles that are well corked, and that 
though there should be water in the bottles, for it is 
not soluble in water. Ne 5 

Inflammable air is not proper ſor respiration. 
Birds successively placed in a vessel filled therewith 
died, without producing the smallest perceptible 


change in the gas itself. M. Chaptal found that 


frogs, in forty inches of inflammable air, died in the 
space of three hours and an half, while others lived 
fiſty-five hours in vital and atmospheric air; when 
taken out they were still alive, the air was neither 
vitiated nor diminished. From a variety of experi- 
ments he found, that these animals have the faculty 


\ 
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of stopping their respiration, when placed in any 
noxious gas to such a degree, that they only inspire 
once or twice, and afterwards suspend every func- 


tion on. the part of the respiratory organ. 


This gas does not appear to be changed by the 
human respiration, and M. Chaptal thence infers, 
that it is not respirable; for if it were, it would 
suffer a change in the lungs, the object of respiration 


not being confined merely to the reception and 


emission of a fluid. Its functions are more noble, 
more interesting, and more intimately connected 
with the animal economy. We should consider 
them as an organ nourished by the air, digesting 
that part which is presented to it, retaining the be- 
neficial, and rejecting the noxious parts. Inflam- 
mable air may, indeed, be respired several succes- 
sive times without danger to the individual, or 
without any change or alteration in itself: we may 
conclude from thence, that inflammable air is not 
poison; but we cannot infer from thence, that it is 


proper for respiration. 


Inflammable air is not combustible alone, it does 
not inflame without the concurrence of vital air. I 


shall take this vessel, which is filled with inflam- 
mable air, from our pneumatic apparatus, placing 


my thumb on the mouth thereof to prevent the air 
from escaping; I shall present the mouth to the 
flame of this candle, which immediately inflames 
the air at the surface, and the flame gradually de- 
scends lower and lower to about the middle of the 
bottle; but it burns only while in contact with the 
air; for the moment I close the bottle the flame 
goes out. Here is another bottle filled with this 
air; I present a lighted taper thereto, and the sur- 
face is inflamed; I plunge it lower, and it is im- 
mediately extinguished. Even the most inflam- 
mable bodies, such as phosphorus, do not burn in 
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an atmosphere of inflammable air. Its ian tion 
Is, however, more rapid in proportion to the surface 
ed to the air. | 
Here is a small pistol, in which 1 hall mix im- 
flammable and ebm air, then stop the mouth 
with a cork, and fire the air by a spark from bur 
electrical Machine. You: observed how loud the 
oise of the explosion, and you zee With what force 
t has driven out the cork. It must needs 


aplode 


ngular to you, to see a pistol charged and e 
71 combustion of an invisible substance. 
er neck Ahoy my bladder is tied to a brass stop- 
late A Fs. 5, the bladder is filed 
why iam air; J ban inflame the air by ap- 
plying the flame of a candle to the extremity of the 
— squeezing at the same time the bladder; thus a 

utiful stream of fire is formed in the air, which 
will consume all the inflammable air. You must be 
careful, in repeating this experiment, to keep conti- 
nually pressing the ladder, to f. to prevent the entrance 
of Ae air, by which that within the bladder 
would explode with violence, and burst lt. 

On this principle artificial fireworks have been 
constructed, without smoke and noise, by filling 
the bladder with this air, and forcing the air 
through fine tubes bent in various directions, 
furnished with stop-cocks, and pierced with a 088 
number of holes; the air is forced through t 
holes by pressing the bladders, and is inan by a 
taper, and continues to burn as long as you press the 
bladders, or till you turn the stop-cocks. e late 
Mr. Diller exhibited some very beautiful fireworks 
of this kind, at London, of different figures and 
colours; che colour varying with the mixture. 
One- third of the air of the lungs mixed with the 
inflammable air of pit- coal, gives 'a blue coloured 
flame; inflammable, mixed with nitrous air, af- 
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fords a green colour; the vapour of ether affords a 
white flame.* 

Inflammable air is lighter than common air; a 
cubic foot of atmospheric air weighs 720 grains, a 
cubic foot of inflammable air 72 grains. The baro- 
meter being at 23.3, and the thermometer at 60, 
the weight of this air, to that of common air, was 
found as 84 to 1000; by others, as 0.0833 to 1, and 
the weight of an inch troy 0.02637 ; consequently, it 
is about twelve times as light. Its specific gravit 
varies very much, because it is difficult to obtain it 
constantly of the same degree of purity. The theory 
of balloons, or aerostatic machines, is founded on the 
levity of inflammable air; the history, &c. of which 


I shall give in Lecture XXXIV. It is sufficient that 


the weight of the balloon itself, and the air it 
incloses, should be lighter than an equal bulk of 
common air, and it must rise till its weight is in 


equilibrio with an equal volume of the surrounding 


medium. | 
OF HEPATIC AIR. 


Inflammable air possesses the property of dissolv- 
ing sulphur, in which case it contracts a very ſetid 
smell, and forms hepatic air. | 

Mr. Gengembre put sulphur into inverted vessels 
filled with inflammable air, and dissolved it by means 
of a burning-glass, and found it possessed all the 
distinctive characters of hepatic air. It is generally 
obtained from liver of sulphur, or solid hepars, de- 
composed by means of acids in the pneumatic ap- 
paratus; it 1s extricated in vast quantities, by pour- 
ing marine acid on hepar sulphuris. If inflammable 


* By the combination of inflammable air and electricity, a cu- 
rious philosophical lamp, plate 7, fg. G6, is constructed, which, 
by the turning of a stop-cock only produces a flame at a, and 
which may be repeated many hundreds of times; for a particular 
deseription of this see the Appendix to Lecture XIV, Enix. 
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air be passed through melted sulphur, it is con- 
verted into hepatic air. The formation of this 

is generally effected by a decomposition of water. 
In fact, livers of sulphur do not emit any dis- 
agreeable smell while they are dry; but the mo- 
ment they are moistened, an abominable smell is 
perceived, and vitriolated tartar begins to be formed. 
These phenomena shew, that the water is decom- 
posed; that the inflammable air unites to the sul- 
phur, and together with fire yolatilizes it, while the 
vital air unites with the alkali, and forms a more 
fixed product. 

It is not fit for respiration, and turns the syrup 
of violets green. If pure air be mixed with it, 
the oxygene thereof combmes with the hydrogene, 
and precipitates the sulphur; for the same reason 
it is decomposed by the smoking the sulphureous 
acid. It takes fire by the contact of inflamed bodies, 
or by the electric spark, and burns with a reddish 
blue flame, depositing sulphur at the same time on 
the sides of the vessel. It detonates when set on fire 
in vital air; it is very soluble in water, which it 
converts into a state perfecly resembling that of the 
sulphureous mineral springs; it is probable, there- 
fore, that it is this gas which impregnates sulphu- 
reous water; its great attraction for some metals, and 
their calces, makes it the bases of some sympathetic 
inks. Its specific gravity, compared to that of at- 
mospheric air, is as 1106 to 1000. 


* 


PHOSPHORIC AIR. 


This is inflammable air, in which phosphorus has 
been dissolved. It was obstained by Mr. Gengembre, 
by boiling a solution of caustic vegetable alkali, with 
half its weight of phosphorus, and receiving the 
elastic fluid, which was disengaged under glass ves- 
sels filled with mercury. It cannot be collected in 
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water, being very soluble therein. It has a very 
fetid smell, and is unfit for respiration. 

It takes fire spontancously by the contact of air, 
accompanied with an explosion, which may prove 


dangerous, if you present too large a quantity of air 


at once. When vital air 1s mixed with this gas, it 
burns with great rapidity, producing a great degree 
of heat; which dilates the receivers so much, that 
they are sometimes shattered to pieces. As this phos- 
phorus takes fire on contact with the air, it commu- 
nicates its combustion to the inflammable air. 

It is probably to a disengagement of a gas of this 
kind that we may attribute the ignes fatui, which 
play about burying grounds, and in general all places 
where animals are buried and putrefy. It is to a 
similar gas that we may refer the inflammable air, 
which constantly burns in certain places, and upon 
the surface of certain cold springs. 


INFLAMMABLE CARBONIC GAS, 


It is now supposed that charcoal, though fixed in 
closed vessels and in our ordinary fires, contains a 
carbonaceous principle, denominated by the French 
writers carbonne, which may be reduced into va- 
pours by a great degree of heat; and that it is so- 
luble by aeriform fluids, more particularly by in- 
flammable air, which often combines with it when 
assuming the aerial state. 

This air is disengaged, when cast iron or steel is 
dissolved in spirit of vitriol. Charcoal may be dis- 
solved in this gas by a burning-glass, when the gas 


is in the mercurial part of the pneumatic apparatus; 


though this modifies its effects, and alters the results 
of its combinations, it burns with a blue flame, 
throwing out white or reddish sparkles. | 

Mr, Berthollet suspects that a mixed gas, formed 
by a solution of charcoal in mephitis, is the colour- 
ing matter of the Prussian bluc, 
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This is the mixture of inflammable and fixed air, 
but without combination. Tt is obtained by distil- 
lation from many vegetable matters, from tartar, 
from all the tartarous salts, from hard woods, or 
— charcoal which is burned, by the assistance of water, 
from pitcoal, &c. It burns with difficulty; but 
though three-fourths of its bulk be formed of fixed 
air it still remains combustible. 

The inflammable may be separated from the fixed 
air by means of lime-water or caustic alkali, with 
which the fixed air combines. 


INFLAMMABLE AIR FROM MARSHES. 


This is inflammable air mixed with phlogisticated 
air. It is produced by the putrefaction of many ve- 
getables and of almost all animal substances. It is 
disengaged from standing waters and all places where 
animals putrefy in water. Tt accompanies, precedes, 
or follows the formation of the volatile alkali, which 
takes place in putrefaction. It is a simple mixture 
without combination. It burns with a blue flame; 
it detonates, but with difficulty, in vital air. After 
detonation, in Mr. FVolta's Eudiometer, some drops of 
water are found, and a residue of phlogisticated air 
more or less pure. | 


MURIATIC ACID GAS. 


This air is not found existing, or ready formed in 
nature, but is an artificial production: it is obtained 
by heating spirit of salt, or liquid muriatic acid, in a 
retort whose neck 1s plunged beneath a vessel filled 
with mercury. It may be produced in the same 
apparatus by heating a mixture of common salt and 
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vil of vitriol. It cannot be collected in water, as it 
is quickly absorbed thereby. It seems to be nothing 
more than the muriatic acid deprived of part of its 
water, and combined with so much fire, as will make 
it assume an elastic aeriform state. 

This air has a strong penetrating smell, being the 
muriatic acid; it gives the same signs of acidity, and 
reddens blue vegetable colours, but does not destro 
them like oxygenated muriatic acid. It absorbs the 
vapours of water which float in the air, and forms 
with them a white fame. Tt melts ice with great 
rapidity on account of the great heat separated 
from it on its combination with water. It is ab- 
sorbed by charcoal and by sponge, unites with all 
alkaline bases, and forms muriatic salts. It dissolves 
camphor. It is destructive of animal life. On dip- 
ping a candle into this air, the flame is extinguished; 
but the moment before it goes out, and when it 1s 
first lighted again, it burns with a green or light- 
blae flame. This gas is considerably heavier than 
common air, in the proportion of five to three; a 
cubic inch weighs 0.654 grains. It does not act on 
metals. % 

Oxygenated, or * romp muriatic gas is ob- 
tained with great facility during the mutual action 
of the native calx of manganese and the muriatic 
acid. 

It is considered by some as the marine acid de- 
prived of phlogiston; by others, as the marine acid 
combined with vital air. 

It is of a yellowish green colour, of a strong pe- 
netrating smell, and quickly destroys animal life. 

It decomposes volatile alkali, which may therefore 
be used as a preservative against its noxious effects, 
separating the phlogisticated air from the alkali in 

roportion as its own vital air unites with the inflam- 
anable gas of the volatile alkali, with which it forms 
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water. It thickens fat oils, calcines metals, and is 
absorbed by water, to which it communicates all 
these properties. It will support flame, but is fatal 
to animal life. 

It is gradually decomposed by the contact of light, 
and reduced to the state of pure muriatic acid. 

It is one of the most singular discoveries of mo- 
dern chemistry. % 

It is absorbed almost as readily as fixed air by 
water, but may be easily expelled again by heat, and 
received in vessels containing mercury; but the air 
thus expelled, does not readily again incorporate 
with water: the electric spark renders it E im- 
miscible with water. 

It destroys all vegetable colours. It does not, like 
acids, redden litmus and syrup of violets, but ren- 
ders them white, and has the same effect on dyes. 
It bleaches yellow wax. On account of this whiten- 
ing quality, it has been applied successfully to the 
bleaching of linen, in cases where expedition 1 is pre- 
ſerred to economy. 

It does not, however, affect all vegetable colours 
in the same manner and degree. The colouring 
matter of Brazil wood, and some green parts of 
plants, retain a yellow teint. The leaves of cyer- 
greens long resist its action, and at last only acquire 
the yellow colour which they receive by a long ex- 
posure to the air. 

Inflammable substances reduce it to a state of 
common muriatic acid. | 


SULPHUREOUS ACID AIR, OR VITRIOLIC 
ACID AIR. 


This is the product of art. It is formed whenever 
a combustible body takes away a part of the vital air, 
which is united to sulphur in the yitriohc acid. It 
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is also formed when sulphur burning slowly absorbs 
but a small quantity of vital air from atmosphe- 
TIC air. 

To procure vitriolic acid air, strong concentrated 
vitriolic acid is to be put into the usual bottle with 
any proper substance; olive- oil answers the purpose 
very well: there should be about three or four times 
as much oil of vitriol as sweet oil, and both together 
should fill about one-third or half the bottle. A 
gentle degree of heat is necessary to make these ma- 
terials yield the elastic fluid. 

It is very soluble in water, and destroys many ve- 
getable colours; so that its oxygene must be either 
totally or very nearly disengaged. 

When united with alkaline bases it forms neutral 
salts, different both in figure and taste from those 
which are formed by the vitriolic acid, and particu- 
larly in this, that they may be decomposed by more 
feeble acids. It melts 1ce with great rapidity. 

It is heavier than common air, extinguishes com- 
bustion, and destroys animal life. | 

If this air be mixed with alkaline air, it forms a 
beautiful white cloud, which becomes condensed, 
and is found to be vitriolic ammoniac; at the same 
time a yellow substance is separated, which seems to 
be . Water impregnated with this air may 
be frozen without parting with the air; and if such 
water be inclosed in a glass hermetically sealed, and 
be then exposed to heat for several days, it deposits 
sulphur. | 

It is heaviest of all aerial fluids, except fluor acid 
air, being to common air as 2205 to. 1000. 


FLUOR ACID GAS, 


If pure fluor or spar, that species of substance 
which is called the Derbyshire spar, and of which 
you have seen so many ornaments for chimnies made, 
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be placed in a retort of lead, with a receiver of the 
same metal adapted, and vitriolic acid be then 

ured upon it, the acid of spar will be disengaged 
bn an aerial form, by the application of a very gentle 
heat. The fluor acid air is at first produced without 
heat, but in a short time it will be necessary to apply 
the flame. of a candle to the bottle; by which means 
a considerable quantity of this elastic fluid is ob- 
tained. This air readily combines with water, and 
therefore when experiments are to be made with it 
in an elastic state, it must be received over mereury. 

The distinguishing property of this acid is that of 
dissolving siliceous earth. The first experiments 
made with it were in glass vessels; and it was ob- 
served, that an earthy matter was deposited at the 
instant the air came in contact with the water in the 
recipient: this was found upon examination to be 
siliceous earth. It has been found by subsequent 
experiments, that this acid corrodes glass; it has, 
therefore, been used to make etchings upon glass, in 
the same manner as the nitrous acid has been long 
applied to copper. 


ALKALINE ACID GAS, 


This air was produced at first by Dr. Priestley 
from common spirit of sal ammoniac, with quick- 
lime. This air, when pure, is instantly fatal to ani- 
mal life, and extinguishes flame: just, however, be- 
fore the flame of a candle goes out, it is enlarged by 
the addition of another flame of a pale yellow co- 
lour. The electric spark taken therein appears of a 
red colour, and by degrees changes it into inflam- 
mable air. 5 

On confining some water, impregnated with alka- 
line air, to a strong heat for some days, a white se- 
diment or crust was formed on the surface. 
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| 1 which is so easily corroded by the common 
volatile alkalies, is not corroded at all by this air. 
Bits of linen, charcoal, and sponge, admitted into 
it, absorb it, and acquire a very pungent smell. It 
dissolves ice almost as readily as an hot fire. 


The specific gravity of this air is to that of com- 


mon air, as 600 to 1000. 
Dr. Priestley procured it by mixing one part of 
unded sal ammoniac with three parts of slack lime. 
when changed into inflammable air, it has been 
conjectured, that the change is occasioned by the 
heat alone, without the concurrence of light. 


ABSTRACT OF A DISSERTATION ON PHLOGISTON, 
| BY MR. WIEGLIB, A GERMAN CHEMIST. 


In opposition to the French theory, Mr. Wieghb 
asserts, 

1. That there exists in combustible bodies, and 
in many which are not so, a certain. inflammable 

rinciple, which is separated when they are in com- 
CO and that metals, by means of fire, are 
reduced to a calx. 

2. This principle may be collected during the 
combustion of these bodies, and is found in a state 
nearly simple in the form of gas. 

3. That it is much lighter than any known matter. 

4. That all bodies which are combined 3 _ 

inciple lose part of their specific gravity, and that 
2 — the quantity of phlogiston combined 
with them; but increase in weight by being deprived 
thereof. 

5. This principle has a great affinity with vital 


air; their mixture is susceptible of a very great con- 


densation, and changes into phlogisticated air. 


6. That combined with water and fire (the mat- 


ter of fire) it forms inflammable air. | 
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7. United with phosphoric acid, it forms plids- 
. and with the vitriolic acid, sulphur. 


© 8. Charcoal is composed of this inflammable prin- 


eiple and fixed air, with which saline and earthy 


particles are mixed. 


g. We are ignorant of the constituent parts of 
vital air; perhaps it is composed of the principle of 


the purest water, and of the matter of pure fire. 


10. We are equally ignorant of the constituent 


parts of fixed air; we can only exhibit it as a com- 


pound. 


1. Of the existence of an inflammable principle. 


It is impossible to deny the existence of an inflam- 
mable principle in many bodies, unless the mind be 
led aside by the force of prejudice. The most an- 
cient chemists were sensible thereof; Geber describes 
it under the name of materiam fugitivam et inflamma- 
bilemy aut” sulphureitatem adurentem, evaporating from 
metals during calcination. The chemists of the 
middle age acknowledge it under the name of. sul- 
phur: Becker and Stall rejected this denomina- 
tion, and. made use of the terms inflammable princi- 
ple or phlogiston; they did not adopt it on mere 
report; their own experiencet aught them, that by 
friction alone you might disengage from several 


metals, chiefly copper, lead, tin and iron, a certain 


odour which became more sensible when the metals 
were melted, or during calcination, but which is still 
stronger when they are dissolved in acids. 

The odour which escaped during these operations 
intimated the presence of this principle; and this 


supposition obtained more probability by exa- 


mining the metallic calces, or the precipitates 


obtained. by dissolutions, which are found to be 
deprived of the brilliancy peculiar to the metals, as 


well as of the above- mentioned odour. The absence 
of these properties naturally conducted them to this 
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conelusion, that during the calcination. or dissolution 
of the bodies, a certain principle escaped, originating 
from the smell, and which . to metals 
their brilliancy and ductility. The heat and light dif- 
fused by a lighted candle, or coals in combustion; pro- 
perties possessed by many other bodies, as oil, grease, 
tallow, pitch, wax, sulphur, phosphorus, wood, straw, 
&c. conduet us to the same idea, 1. e. that chere ex- 
ists in bodies an inflammable principle, on which 
their combustible properties de 

But the truth of what is here only deduced FIN 
phenomena, is eyidently proved by the'reduction of 
metallic calces to — metals, by restoring to 
these calces the — principle that they l 
lost by caleination. 


The. modern chonticts nate shewn us How to pe- 


rate this prineiple from different bodies under the 
form of inflammable air; with this difference, how- 


ever, that in the inflammable air there is also water 
combined with fire. 


The presence of this aubatance. i in 1 air 


is — by the properties and effects it produces, 
which are t 1. same as those by which inflammable 
air is distinguished. Dr. Priestley obtained inflam- 
mable air by exposing zinc and iron to a violent fire; 
the same result is found from the solution of these 
metals in the vitriolie and muriatic acids, and by 


exposing to the focus, of a burning-glass pure steel 


filings, contained i in a vessel filled with mercury. 
It is impossible in these experiments to mistake 
the inflammable matter in the * — of inflammable 
A phenomenon observed by Dr. Priestley should 
de noticed here: a kind of — —— he observed, 
while the iron filin were heating, and which caused 
a portion of the fl 
experiment, we may conclude, that. an aexiform. sub- 
stance is disengaged from fire by heat, proving at 
the same time how, al ew do is far 
Vor. Ae 2108 auch 7: Wi trie 


. 1 


ings. to leap about. From this 


— — r 
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that theory, which considets' the metals as simpſe 
substances. After what has been said, there is little 
necessity for proving that charcoal contains phlogis- 
ton. I the calcination of metals depends on a pri- 


vation of this inflammable principle, their reduction 


or return to their former state should naturally take 
place when this principle is restored. But this reduc- 


tion does not take place, unless the metallic calces 


are exposed to the action of charcoal; or some other 
inflammable substance. These substances must ne- 


cessarily, therefore, contain the prineiple that co- 


operates to the reduetion of metals; besides, 2 
further appeal to the inflammable nature of charcoal, 


which is so well known to every one: the nature of 


charcoal, its existence as an original simple prin- 


ciple forms an essential link in the French chemistry, 
without which it cannot be supported. Though 


enough might be deduced against this notion from 
what has been here said, I shall take occasion to 
notice it again in the course of this dissertation. 
2. Separation of the inflammable principle. 
Though every one acknowledges that itiflamma- 
ble air may be separated from all inflammable sub- 
stances, still it is essential to prove that air, known 


by the name of inflammable air, possesses the same 
properties that are attributed to the inffammable 


principle of certain bodies. Now every one knows, 


that nitre explodes only with inflammable substances, 


that is, that contain phlogiston: this bas been 
fully proved by M. Achard and others. 
M. Achard conveyed some inflammable air ob- 


tained from a mixture of iron and the vitriolic acid, 


into melted nitre, and a very considerable explosion 
took place; and excepting a small portion of alkali, 
all the remaining nitre was decomposed. Messrs. 
Miacquer and Montigny have also observed, that me- 
tallic' calees might be revivified as well by inflamma- 


ble air, us by powdered charcoal. Mr. Pelletier, in 


passing inflammable air through some arsenical acid 


0 — = has m © - - a 
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dissolved in two parts of water, obtained thereby an 
acid in a metallic form, which separated itself from 
this liquor. All chemists know, that copper dis- 
solved in the vitriolic or muriatie, but prineipally in 
the nitrous acid, is found absolutely in a state of 
calx. It is also known, that while the vitriolic or 
muriatic acids attack the iron, inflammable air is 
disengaged; but if the nitrous acid is used, nitrous 
air alone is produced. By exposing to either of the 


three dissolutions of copper, a piece of polished iron, 
the copper is immediately separated therefrom, and 


recovers its metallic brilliancy; during this experi- 


ment no inflammable nor nitrous air is disengaged, 
although the acids have certainly attacked the metal. 


It may be asked, what is become of the inflammable 
principle of these airs? We answer, tha it is united 


to the calx of the copper; for, by what other means 
could the copper have re- acquired the inflammable 
2 it had lost, but from the inflammable prin- 

ciple of the iron, Which abandons che n n to 


attach itself to the copper. 


3. Megative weight of the infliniteatts pet 
The hponderabllity of this principle may be con- 


.8idered as a kind of axiom, for no one has been hi- 
therto able to shew that it has any weight. 


4. Tre inflanmable principle diminishes the gravity 
of bodies; for, as soon as they are deprived thereof, 
they recover their original weight. 

M. Wieglib considers this as sufficiently known to 


those who are instructed in modern kloadpby: and 
in the course of these Lectures you will find this 
Nite illustrated by various arguments. 


5. 0 the intimate combination of the. inflammable 

e with vital air, and the eee of phlo- 
gieticated r. A) 1; 

Though we consider the existence of an inflam- 

mable prineiple peculiar to combustible bodies, yet 

„ 
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we allow combustion cannot take place unless they 
are surrounded with either vital or atmospherical 


air: indeed, the last sdems only to acquire tbis fa- 


eulty in proportion as it contains vital air, so that this 
may be considered as that alone in which combustion 
enn be roduced. There is a natural proportion 
2 between the quantity of the combustible 

y, and that of the air in which the combustion is 
W for experiment shews, that the combustion 
never goes beyond a certain point, and that this 
point. is more retarded in vital air than in any other, 


In all eombustion volatile particles escape; in 8 | 


it is the inflammable principle alone which is disen- 
gaged, in other bodies a variety of matters escape 
with this prindiple. Experiment sbews, that com- 
bustion ces in phlogisticated or inflammable air; 
we may, therefore, suppose that these airs — 
absorb the particles which escape from bodies in 
combustion, because they are already sufficiently 
. therewith. What we have here mentioned 
lace more particularly in the simple calcina- 
oy metals; for. as these ore no other / princi- 
ple that can bg-yolatilized, they lose moching but 
their inflammable principle. 

When metals are calcined, a. LEI ICIS? is ob- 
served, which is as it were the hinge or center of the 
new French chemistry, and about which all the 
doctrines thereof turn. When metals are calcined, 
or when combustion is performed in close vessels 
filled with air, a consi lerable vacuum is formed 
in the vessel, and the remaining air weighs less than 


the air that was before contained in the vessel: on. 


the other batid, the body which has been burnt, or 
the metal which has been calcined, will have acquited 


weight, and this increase of "weight will be nearly in 


proportion to the loss of weight in the air. M. Las 
voisier coneludes, as before observed, that che lost air 
1s absorbed by the calx of the calcined metal. ; © 


OO ooek od a 
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had been absorbed, there should have, been . 
vacuum; but this was not the case, the s 


' 
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Mr. Wieglib thinks M. Lavoirier has forgotten 
that a condensation of the air may have also taken 
place; and it is to this condensation Mr. Wieglib 
attributes the change in the air, supporting his opi- 
nion on an experiment of Dr. Priestley s, who found 
that by taking electric sparks for a considerable time 


through a quantity of atmosphere air, that quanti 


was diminished near one-fourth in bulk. M. de la 
Metherie has also proved by his experiments, that 
pure vital air may be diminished by the electric spark, 
and changed into phlogisticated air. Now, if these 
experiments prove that vital air, when pure, or when 
mixed with atmospherical air, may be diminished by 
electricity; it is evident, that in the case of which 
we are now speaking, the same thing should take 
place, unless it can be proved that a portion of this 
air has been absorbed; but experiment proves, that 
this very sensible diminution of 'the mass of air is 
owing to a real condensation; for, on introducing 
phlogisticated vapour into the purest vital air, till it 
is completely saturated, there always remains behind 
a small portion of phlogisticated air. This is proved 


as well by the experiments of M. Lavoisier as of | | 
other chemists, although they have considered this 


residuum of phlogisticated air, according to their 
peculiar prejudices, as being anteriorly contained in 
vital air. Mr. Wieglib poured into a phial, contain- 
ing nine ounces of pure vital air obtained from man- 
ganese, four ounces of a concentrated dissolution of 
liver of sulphur; the vital air then occupied a space 
of five ounces; fifteen days afterwards the phial was 
opened under water, and the water on entering filled 
the whole phial, except a small space of about three 

ins and an half in capacity. Now, if the vital air 


resi- 
duum was phlogisticated air. This experiment was 
repeated, but always attended with the same success, 
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6. Of inflammable air produced by the combination 
e water with the inflammable principle. 
MN. Levorsier, and the friends of the French sys- 
tem, think that some solid matter is ne for 
the formation of inflammable air; that this matter 
acquires its elasticity by fire, and is one of the com- 
ponent parts of water. Mr. Wieglib considers fire as 
one of the constituent parts of this air, founding his 
opinion on M. Lavorsier's own experiments. 

By letting a copper tube five or six feet long, filled 
either with iron wire bent spirally or else with char- 
coal, pass through a violent charcoal fire, intro- 
ducing at the same time the point of a small glass 
alembic, which was filled with water, into the upper 
part of the tube, so that the vapour of the water 

through the tube, the lower end of which was 


immersed in a phial filled with water, inflammable 


air was produced. If iron be employed, much 
fixed air is obtained at the same time, the iron con- 
tained in the tube is calcined, or, if charcoal be used, 
it is changed into ashes. 


Mr. Wieglib thus explains the above-mentioned 


phenomenon; the water in passing through the tube 
combines with the fire and is changed into vapour, 
which combining also with the inflammable principle 
of the iron, is thereby changed into inflammable air. 


Other experiments may be adduced to prove the 


same point. 4075 | 
7. The combination of the inflammable 228 with 

e auf acid produces phosphorus; with { 

* | r 

Whatever notions we may possess of the compo- 

sition of natural or artificial bodies, we are indebted 

for them to an analysis; phosphorus and sulphur 

were known before their constituent parts were dis- 

covered. The observation, that phosphorus shines 

when exposed to the air, naturally leads to the idea 


that this luminous body contained an inflammable 


6 


he vitriolic, 
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matter, which diffused itself in the air in the form of 
a luminous vapour. By pursuing this idea further, 
Homberg and Margraf found that this inflammable 
matter contained also an acid of a particular kind. 
From a knowledge of these two principles, later 


chemists have been able to form phosphorus, by 


combining this particular acid with the inflammable 
principle. 51 
It was the same with sulphur, whose constituent 
N were placed in the clearest point A view 
y the justly celebrated Stall. | 
8. That charcoal is composed of the inflammable 
principle and fixed air. © | 
Mr. Wieghtb, before he explains his own proposi- 
tion, gives an account of M. Lavorsier's notions 
concerning the peculiar principle of charcoal, car- 
bonne, and the inflammable principle it contains. 
M. Lavoisier considers common charcoal as com- 
yarns of carbonne, inflammable air, earth and salt. 
n exposing charcoal to a great fire in close vessels, 
he odinined a small quantity of inflammable air; but 
as these coals, exposed for a longer time to the same 
degree of fire, exhibited no change of aspect, he 
eonceived that by this operation he had separated all 
the inflammable air. From this experiment M. La- 
voisier considers the residuum as carbonne, a sub- 
Stance absolutely simple, but without proving it. 
Mr. Wieglth shews, that charcoal is a compound, 
consisting, 1. Of the inflammable principle. 2. Of 
fixed air. 3. Of terrestrial particles. 4, Of saline 
particles, ee 
The two last are contained in the ashes, and are 
only accessory, depending on the vegetables of which 


it is made; so that sometimes none af these particles 


are to be found. ä | | | 
M. Lavoisier's theory consists in considering his 


cCarbonne as a simple substance; and supposing in 


all his experiments, where there is a decomposition 


o 
—ůů - - 
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of charcoal, that the fixed air emanmtin f therefrom. is 
a new ound. This error he has been led into, 


from not observing that charcoal is not decomposed 


when acted upon in close vessels; for in this case 
there is a diminution of the mass of air, and the re- 
siduum is fixed air. Mr. Wieglib shews, that the air 
is always diminished, when the inflammable princi- 
ple combines with vital air; but as this, quitting the 
charcoal, escapes into the air, the fixed air, disen- 
ed by the same operation, naturally follows; 
ixed air has often misled the most able chemists, 


| when they have endeayoured to prove its existence; 


but on quitting the idea of its artificial composition, 
which is far from being proved, we may always ob- 
tain every necessary knowledge... Scheele, whose abi- 
lities are universally acknowledged, is one who was 
thus misled, and we find him sometimes thinking 
he had formed this aerial acid (fixed air), sometimes 


that he had simply separated it. Scheele obtained 


fixed and inflammable air by exposing powdered 
charcoal to fire. By exposing also to a naked fire 
fixed caustic alkali mixed, and ground with charcoal, 
in a glass alembic, using the pneumatic apparatus, 
you obtain a great quantity of inflammable air; the 
residuum has lost its caustic nature and will effer- 
vesce with acids, and is consequently loaded with 
fixed air. In this experiment the inflammable prin- 
ciple is separated under the form of inflammable air, 
while the fixed air is combined with the fixed alkali. 

By exposing to an open fire a mixture of litharge 


and powdered'charcoal, contained in a glass alembic 


solidly luted, we obtain, by means of the pneumatic 
apparatus, fixed air, and the litharge remaining in 


the alembic of glass is revivified; and in this experi- 


ment the fixed air is evidently produced. from the 


charcoal, while the inflammable principle combining 


with the calx of lead, restores its metallic form. 


The same result is obtained by distilling filings of 


or enfoGrs To. 6 
nine with fixed eaustic alkali, shewing further the 


strotiꝑ affinity between the inflammable principle of 
charcoal and that of metal. On observing alone the 


great quantity of fixed air procured by distilling dried 


wood, one would naturally conelude, that this prin- 
ciple ought to be found in charcoal. r 
9. The component principles of vital air art abso- 
lutely unknown. | | 
| No one has hitherto discovered the method of 
compounding, or forming from principles, vital air. 
Mr. Wieglib invites those of a contrary opinion to 
the 2 Lavbisier himself seems to think his 
oofs of (a pretended) oxygene combined with fire or 
ight, as forming vital air, insufficient. 


I!uũ all the experiments where we find this air, it 


proceeds from the decomposition of bodies, of which 
it was a constituent part: it appears, therefore, to be 
of an appropriate nature, and to be a constituent part 
of certain bodies: it may, possibly, be found in some 
acids, as is proved from the nitrous acid; but we 
ought not thence to give it the name of oxygene 
ene en e a name that might with greater 
propriety be attributed to fire. 
10. Fixed air cannot be produced by. an artificial 
combenation... 
This proposition is directly contrary to the obser- 
vation of M. Lavoisier, and the chemists who follow 
his system; and if established will overthrow it en- 
tirely; for if the fixed air that M. Lavoisier obtained 
is not produced by the combination, but only sepa- 
rated, the new system falls to the ground, and their 
famous oxygene will turn out to be quite chimerical. 
The proposition before us has been sufficiently 
795 by a series of experiments, published by 
r. Green, in 1786,“ and which have not been re- 


. 
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futed by M. Zavorster, or any of the advocates of the 
French chemistry. Mr. Wieglib the expe- 
riments of Mr. Green, and was perfectly convinced 
of their accura pee. V | 
Of these we sball now quote some of the most 
remarkable. In the fourth and eighth of Mr. Greer's 
experiments, he burnt some phosphorus under a re- 
ceĩver filled with atmospherical air kept under water, 
and obtained an acid water which precipitated hme 
from lime-water, but contained no fixed air, Though 
M. Lavoisier considers phosphorus (without proof, 
however) as a simple body, it is more probable, you 
see, that it contains an inflammable principle. If 
M. Lavoisier's assertion had been well founded, phos- 


horus ought in this experiment of Mr. Green's: to 
— 8 with the particles of vital air, fixed 
air; but as neither Mr. Green nor Wieglib could 
obtain this air, we may consider the French opinion 
as destitute of foundation; the lime is precipitated in - 
this experiment by the phosphoric acid disengaged 
by the combustion. 

In his eleventh and thirteenth“ experiment, Mr. 
Green burnt phosphorus, which was reduced in 
small pieces; in eight cubic inches of the purest 
vital air, after the combustion, there remained three 
eights of a cubic inch of phlogisticated air, and the 
water contained no fixed air. These experiments 
prove the fifth proposition. 4 | 

In the nineteenth, twentieth, twenty-first, and 
twenty-second, Mr. Green could not obtain fixed air 
by burning sulphur in an atmospheric air. 

In the twenty-fourth and twenty- fifth, Mr. Green 
proves, that fresh prepared calx of lead contains 
neither vital nor fixed air. 

Regulus of antimony, lead, zinc, sulphur, &c, 
exploded with nitre, produced no fixed air. 

ital and inflammable airs, burnt together, gave no 
fixed air, which ought to have been the case if there 
was any foundation for M. Lavoisier's system. 


— 
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M. Lavoisier's errors have been in a great measure 
occasioned by considering charcoal as a simple prin- 


ciple; without giving sufficient proofs for this opi- 


nion. Mr. Wieglib has shewn, that it must be con- 


sidered as compound, and that in all the experiments 
where M. Lavoisier obtained fixed air, it was sepa- 
rated from the charcoal he used. 

It has been said, © that there is no direct experi- 


ment to prove, that fixed air is composed of pure air 


and phlogiston, and that unless this is properly sup- 
ported, the presence of phlogiston in metals, in 
sulphur, and in nitrous air, must be given up.” 


This reasoning is founded on a false principle, which 


seeks to combine fixed air with substances that only 
contain pure phlogiston; but what proofs have we 


that fixed air is a compound. If these reasoners had 


consulted the operations in nature, it would certainly 


have convinced them, that by a combination of vital 


air with phlogiston we never obtain fixed air. 
Mr. Wieglib, baving proved the foregoing propo- 


sitions, invites chemists to examine whether the 


system of Stahl, as now improved, is not conform- 
able to truth? Whether the experiments deduced 


from it are not more simple, more palpable, and 
more easy to explain, than by M. Lavoisiers new 
theory? He afterwards points out the sources that 


have led M. Lavoisier into error, traces the steps 


that have gradually conducted him to his present the- 


ory. But views of this part of his paper would lead 
farther than the nature of these Lectures will allow. 
Thus I think you have seen, that the inflammable 


principle still holds its ground, and cannot be re- 


jected, as the French have imagined, from the phi- 


losophy of nature. "You are not © to expect that 
any one can present you with a handful of this prin- 
ciple, separated from an inflammable body; you 
might just as reasonably demand a handful of mãgne- 
tism, or gravity, &c. to be extracted from a magnetic 
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or gravitating body. There are powers in nature 
which cannot otherwise become the objects of sense, 
than by the effects they produce; and of this kind is 
the inflammable principle or phlogiston. “ 
Wherever we turn, we find every operation in na- 
ture bearing testimony to the existence of fire and 
light in various forms, and giving us evidence of 
their incessant active energy. By their various mo- 
difications they are the principle instruments in con- 
stituting the peculiar and distinguishing properties 
of bodies. To their phlogistie principle metals owe 
their splendor, ductility, and elasticity. It abounds 
in vegetables; their colour, taste, and smell depend 
thereon. Though contracted views of the laws of 
nature have distinguished this active principle by as 
many names as energies, yet is there great reason ſor 
concluding, that it is the same 8 we at one 
time contemplate in the form of concentrated light, 
tearing asunder the densest adamant, and at another 
rending the clouds, and threatening with resistless 
destruction the lofty oak and towered citadel, | 
There is hardly a body in nature in which this 
principle does not enter. Whether we cast our eyes 
on the furniture of our houses, or look abroad upon 
the trees in the forest, the beasts in the field, the fish 
in the sea, the sea itself, or the mineral strata in the 
bowels of the earth, this principle perpetually ob- 
trudes itself on the eye of the philosopher,” “ 
“ There is hardly an object in nature but wha 
consists of it under different modifications, or com- 
bined with different bases. The restoration of the 
calces of metals to their metallic form, by a junc- 
tion with this principle, when obtained indifferently 
from almost every combustible body in nature, seems 
clearly to ascertain the fact. It may, however, be 
worth while to convey some further idea of this 
matter by analogy, comparing the junction of phlo- 
giston with such a variety of bodies to that mephitic 


ON, PHLOGISTON+ , » 589 


air, which is believed to be latent, or fixed in a block 
faber „ og et eee e 
Previous to Dr. Hale s and Pr. Black's disco- 
veries respecting fixed air, it would have been as dif- 
ficult to form any idea of such latent or fixed air, 
as some now find it to conceivè that a lump of wood, 
tallow, bees-wax, or iron, contains a large quan- 
tity of what is with propriety denaminated latent or 
fixed fire. 5 F Woo He: iin wy 4114 
As fixed air has the wonderful property of 
entering into the substance of a block of marble or 
lime- stone, and of there lying hid in such a manner 
as to be totally inconceivable to the understandings 
of mankind, absolutely losing every appearance of 
air; so hath the solar substance the property of enter- 
ing in a similar manner into the substance of a vast 
variety of the objects of nature, but more especially 
into every metallic earth or calx; thereby giving 
it its metallic ſorm, and continuing intimately com- 
bined with it, so as, without the aid of some chemical 
or mechanical process, to elude both our feelings and 
the detection of the nicest thermometer“ 

« As fixed air is capable of rendering the most 
caustic alkali, or lime perfectly mild and harmless to 
the touch or taste, so hath fixed fire the property of 
rendering some of the most corrosive and poisonous 
metals equally mild and harmless. There is hardly 
any, from the strongest concentrated mineral acid 
to the weakest vegetable one, but what will expel 
fixed or mephitie air from alkaline substances, com- 
bining with them into a variety of neutral salts. 
Some of the stronger mineral acids, and probably 
the vegetable, if properly concentrated, will also 
expel inflammable air from metallic substances, with 
which they also combine, forming a variety of neutral 
salts. They who deny the existence of phlogiston, 
may consider this as merely a separation of inflam- 
mable air from the different earthy or metallic bases; 


observed of the mephitic vapour, which rises 
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but surely the inflammable air may, with equal pro- 
riety, be considered as the principle of inflammabi- 
ity, assuming, in conjunction with water, a new 
form, bis. that of air; for the highest concentrated 
acid, which we can use on these occasions, contains a 
sufficient quantity of water to form, in conjunction 
with phlogiston or fixed fire, some proportion of that 
elastic fluid which we call inflammable air.” 
Elf we attend still more closely to this cireum- 
Stance, we shall be compelled to acknowledge, that 
it is actually the case, for the most concentrated mi- 
neral acid must part with its water upon its particles 
uniting with those of the solid metal. It becomes 
then, in fact, a case of double elective attraction; 
the acid and the metallic earth unite, the water quits 
the acid, and unites with phlogiston in the newly- 
formed aerial compound; yet all the water cannot 
be disposed of in this way, för a considerable portion 
of it enters into the metallic salt as it shoots into 
erystals, from which, by the application of a mo- 
derate heat, it may be expelled in its pure state, leav- 
ing the acid and metallic earth in the form of a saline 
powder.“ F-11250 0 0 $77 24 
The quantity of phlogiston which is fixed in a 
pound of any metal will occupy an immense space 
when expanded, in conjunction with water, in the 
ſorm of inflammable air. The same thing may be 
alkaline salts, and absorbent earths, when they are 


o 
" 


mixed with an acid in a solid form; for here no 


fixed air will rise. This is owing to the want of wa- 
ter to combine with the mephitic acid in the form of 
fixed air; for no sooner is moisture added, than the 
fixed air rises copiously. And to this case we ought 
also to ascribe part of the loss of weight, which was 
first observed by Dr. Black on the mixture of acids 
and absorbent earths, or alkaline salts.“ 
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« Fixed air, as an 'acid; neutralizes, aide renders 
mild, the most corrosive alkali or lime. Dr. Priestley 
hath conceived phlogiston to be the principle of alka- 
linity; and, accordingly, like something alkaline, we 
observe it, from whatever subtance obtained, to form 
a junction with the most corrostve mineral acids, and 


to rob them of their activity as such: thus the mu- 


riatic acid, that has been once used in making the 
corroded preparations of anatomists, is so nearly 
neutralized, and rendered inert, that it will not re- 

peatedly answer that purpose. The strongest vitri- 
olic acid loses its caustic property in the same man- 
ner, but more strikingly, by junction with oil, bees- 
wax, or tallow, which abound with blogiston. As 
fixed air may, by art, be separated from marble and 


lime- stone, and may be made to appear evident to 


our senses; so may the most of this fixed fire be se- 


parated, by art, from the bodies which contain it, and 


become immediately obvious to our feelings, and to 
the detection of a thermometer.“ 

The preceding Lectures have shewn you in what 
manner invisible agents, which were deified by the 
ancients, are used by Divine Providence for carrying 


on the operations in nature: you have seen what 


great effects are produced therein by the action of 
the elements one on another. Their nature, pro- 
perties, powers and effects, are the genuine objects 
of physiological inquiry, and open so large a fund 
of entertainment and improvement, that the sagacity . 
of a Newton, if he were to live for a thousand years, 


would never be able to exhaust. Already the know- - * 


ledge of the natural agency of the elements has 
been productive of considerable improvements in 
arts and manufactures. Indeed, no artificer can 
pursue his craft without seeing how necessary the 
elements are to assist him in his works, and how in- 


* Medical Spectator, No, XII. 
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sufficientmapualilabour would be without their eon- 
currenee,:({ Great! things have been already per- 
ſortned, and much more may be effected hes they 
arc farther understood and plied. It is a capital 
Aistinction between natural and artificial operations, 
that nature penetrates, while art stops at the surſabe. 
3 Hence, if you would work as nature works, ade 
f use the agents which nature uses. 7 
I Jou must also have observed, that in attaining one 
* aubjogt of knowledge, you acquired an imperfect in- 
ſormation of others, concerning which ou had no 
idea beſore. Hence one doubt is seldom solved 
without creating others. In your progress through 
science, you will oſten clearly apprehend ; what; re- 
mains a mystery to others; whie,,onithe other: hand, 
you will er im difficulties; they , Snot. ena 
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